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PROFILES AND AREAS OF INTERFACES IN THE DU NOUY RING METHOD! 


F. vAN ZEGGEREN, C. DE COURVAL, AND E. D. GoppARD 


ABSTRACT 


Profiles and areas of interfaces subjected to interfacial tension measurements by the du 
Noiiy ring method, were calculated with the aid of a digital computer. The computations were 
based on a solution of a set of two simultaneous, first order, ordinary differential equations. 
Area corrections amounted to from 5 to 17% of the total area calculated on the assumption 
of planar contact. These corrections permit more precise evaluation of the molecular area 
of monolayers spread at such interfaces. Two interfaces, viz. benzene—water and hexane— 
water, were taken as examples. Profiles of curves around the rings were also determined 
experimentally by means of an electrical contact micromanipulator method. Theoretically 
computed and measured profiles show very good agreement. 


INTRODUCTION 


Of the procedures available for investigating-insoluble monolayers at the oil/water 
interface, that developed by Alexander and Teorell (1) is the most satisfactory. This 
utilizes the ring method for determination of the interfacial tension. For calculation of 
the area per molecule of the monolayer, it is necessary to allow for the fact that the 
interface is not completely planar; corrections must be made for the increase in inter- 
facial area around the ring and also for that at the walls of the containing vessel. By 
using a vessel of large cross-sectional area, the correction for contours around the ring 
can be made relatively small, but even with a vessel of area 300 cm?, Crisp (2) has estimated 
that the over-all correction to the planar area can be greater than 10%. 

The shape of a surface between two fluids is given by the Laplace equation: 


(1] (1/Ri)+(1/R2) = P/y 


where R,; and Re are the radii of curvature in vertical and horizontal directions, re- 
spectively, P is the hydrostatic pressure difference, and y is the interfacial tension. 

Thomas (3) has given a solution to this equation for flat-walled vessels; here Rez is 
infinite and the equation becomes quite simple. Bashforth and Adams (4) have used 
an approximate Taylor expansion of the equation, but their publication is very old and 
almost inaccessible on this continent. Also, it only applies to drops. Freud and Freud 
(5) in their theory of the ring method, have used a Taylor expansion of the Laplace 
equation to calculate the total volume of liquid raised by the ring. However, their 
publication does not give many details about the manner in which profile calculations 
were performed. As far as we can determine, no treatment has been presented for the 
calculation of the area of interface raised by the ring, and it is the purpose of this paper 
to present a treatment which will allow both this calculation and also that of the area 
increase due to curvature of the interface at the walls of the containing vessel. 

1Manuscript received August 10, 1959. 
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THEORETICAL DERIVATION OF EQUATIONS 


The Laplace equation [1] can be written in the form: 


dsin 


sing P 
[2] —s = 


x 3 

where x is the horizontal distance from the center of cylindrical symmetry to any point 
on the surface, and ¢ is the angle that the tangent to the surface makes with the hori- 
zontal plane. Now P = +g(d2—d,)y, where g is the constant of gravity (980.6 cm/sec’), 
dy and d, are the densities of the two liquids under study, and y is the vertical distance 
from the planar contact region to the point on the surface. With sin @¢ = w the equation 
becomes: 





du u 4 8(de—di)y 


dx | x oY 
[3] or 

du, u 

al alla 


where B is a constant for a certain interface of two fluids. 
It is readily shown that the expression for the interfacial area, A, is given by 


(4] ‘se anf —.. 
l-u 


Vv 


The boundary values of the integral depend on whether the area inside the ring, out- 
side the ring, or at the wall is desired. 

In equation [3] x, y, and u are interrelated variables. Hence, this equation cannot be 
solved unless one of the variables can be expressed explicitly as a function of the other 
two. The obvious choice for such an expression is: 





[5] a = tan ¢ = 2, 
The importance of this equation has only been assessed before by Lohnstein (6) who 
used a Taylor expansion of the expression for the calculation of profiles and volumes 
of drops. 

The set of equations [3] and [5] can be combined into one second order differential 
equation with two variables. 

Differentiating equatior [3] with respect to x gives: 


du 1 du u dy 
[6] dx’ + B 


-— aah 


xdx x dx’ 


Combining [5] and [6] and rearranging terms yields: 


2d'u du — i Bx’ ” 
[7] wot xz t uf 1 va) = 0. 


This equation has the general appearance of a Bessel equation but for the awkward 





term 7/1—w°*. No solution for an equation of this type could be found in the literature, 
nor could we arrive at an analytical solution. 
However, a numerical solution to the problem can be obtained. Bashforth and Adams 
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have used Taylor’s theorem to calculate approximate solutions for equation [3]. We 
have attempted to use a more exact method to find uw (and y) at distinct values of x. 
Equations [3] and [5] are a set of two simultaneous first order ordinary differential 
equations. 
For the inside of the ring the equations are: 


a +h + By | 
[8] le | 
© th. } 
dx W/1—-u° ) 
outside the ring they are: 
a +4= — By 
(9] ilies 
dy —t& 


dx a 1-7 
At the walls of a circular vessel the set of equations [8] holds; if the vessel is flat-sided 
u/x = 0. 
In each case the equations can be written: 


dy 


= f(u) 
0 : 
dn = 8% 9). 


These equations may be solved by the Runge-Kutta method (see, e.g., ref. 7), and this 
method has been used in the present work. 

Boundary values xo, yo, and uo for the starting point of the calculations were the 
values of the variables x, y, and u at the ring or wall, depending on the interfacial region 
being considered. In the former case xo is the radius of the ring; yo is the height to which 
the ring is pulled up in the interfacial tension measurements; and 1p is the sine of the 
angle @ at the ring surface. The value of wo is not known in advance, but it is deter- 
mined by the boundary conditions. 

For the inside of the ring the calculation proceeds as follows: A value of u) between 
0 and 1 is chosen, and the region between x = xo and x = 0 is divided into 10 equal 
intervals. Corresponding to each of these x values, values of y and wu are computed. After 
10 of these steps at the point where x = 0, i.e. the ring center, the value of u should 
be zero. If « does not become zero, the value chosen for u% is incorrect, and another value 
must be estimated. Usually it is not necessary to go through all 10 steps before the 
correctness of % can be evaluated. After two or three steps u either increases again (it 
should decrease) or it decreases too fast. Suitable interpolation between extreme values 
of wu chosen leads to an accurate value in about six or seven estimates (accurate to four 
decimal places). The u value at the ring center is then usually less than +0.005. 

Then, 11 correct values of uw at 10 intervals of x are obtained and the integral in 
equation [4] can be evaluated numerically using a simple Simpson's one-third rule. 

For the area outside the ring the calculation proceeds very similarly with the aid of 
equations [9], but now both y and wu have to go to zero as x increases. If one of these 
variables becomes zero while the other remains positive, the chosen % value was wrong, 
and another value has to be estimated. Six or seven successively closer estimates normally 
lead to an initial % value correct to four decimal places. 
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For the area at the walls of a circular vessel, equations [8] are used, and the above 

described procedure is followed. 
CALCULATIONS 

Hand calculations of the equations as outlined in the preceding section would un- 
doubtedly be a very laborious and time-consuming undertaking. The time required for 
the calculation of one curve for the inside of the ring, for instance, would take about 
six hours. However, the Runge-Kutta procedure can be handled extremely well on a 
digital computer. All calculations described below were performed on a Burroughs E-101 
digital computer. Although this machine is relatively slow, it computed a curve inside 
the ring in approximately twenty-five minutes, which indicates a time saving factor 
of about fifteen. 

The computations were carried out for a number of different parameters. 


(a) Various Liquids 
Benzene-water (B = 3.308) and hexane-water (B = 6.462) were studied. 


(b) Various Ring Sizes 

The platinum rings supplied for the du Noiiy tensiometer usually have a circum- 
ference of 4 or 6 cm, corresponding to radii of 0.6366 and 0.954 cm, respectively. Alexander 
and Teorell (1) published results of tension measurements with a ring radius 1.501 cm. 
Our calculations were carried out for these three ring sizes. 


(c) Various Ring Heights 
The heights (vo = he) to which the rings are raised from the heavier liquid (water) 


TABLE I 


Area increase for various ring heights 


Hexane/water, B = 6.462 


Benzene, water, B = 3.308 
Inside ring Outside ring Inside ring Outside ring 


ho Uo y (min) AA Uo AA Uo y (min) AA io AA 


Ring radius 0.6366 cm 


0.3 — — ces a ooo 0.4685 0.1654 0.0688 0.8445 0.3807 
0.4. 0.3613 0.2907 0.0398 0.8620 0.5288 0.6159 0.2160 0.1203 0.9648 0.7913 
0.5 0.4500 0.3615 0.0641 0.9619 0.9293 0.7536 0.2614 0.2045 0.99014 1.3707 
0.6 0.53755 0.43804 0.0958 0.98985 1.5321 0.8748 0.2997 0.3327 0.99514 1.8711 
0.7 0.6234 0.4971 0.1408 0.99574 2.1814 0.9643 0.3273 0.5656 0.996756 2.2398 
0.8 0.70665 0.5619 0.1903 0.99756 2.7708 = — — — — 


Ring radius 0.954 cm 
0.4 0.4647 0.2027 0.1372 0.8115 0.6759 0.7224 0.1173 0.3308 0.9520 0.9745 








0.45 ; oat = me 0.7962 0.1277 0.4867 0.9809 = 1.3745 
0.5% 0.5746 0.2513 0.2225 0.9238 1.1998 0.8623 0.1359 0.5695 0.9911 1.8381 
0.55 oa 8 — oe 0.9179 0.1445 0.74387. 0.9949 2.2931 
0.6 0.6797 0.2962 0.3367 0.9740 1.9607 0.95886 0.1492 0.9938 0.99662 2.7266 
0.7 0.7780 0.3353 0.4893 0.98856 2.8180 a a — — 
0.8 0.8659 0.3713 0.6958 0.99332 3.5832 — a = — — 


Ring radius 1.501 cm 
0.3 — — — 0.6044 0.5279 0.6204 0.0339 
0.4 0.5537 .0981 0.3939 0.7670 0.9470 0.7897 0.0343 
0.5 0.6772 .1171 0.6396 0.8936 1.5554 0.9160 0.03875 
0.6 0.7887 .1368 0.9702 0.9663 2.5498 0.97503 0.0426 
0.7 0.8832 . 1483 1.4317 0.9887 3.9202 0.98983 0.0454 
0.8 0.9512 0.1558 2.1493 ~- - _ — 


~ 


3982 0.7709 0.7167 
7576 =60.9231 ~=1. 4210 
3549 0.9791 2.6043 
3997 0.99101 3.8017 
5883 0.99444 4.7123 


coco 
wOnre oS 





Note: Heights in cm, areas in cm’, 
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in the tension measurements are dependent upon the monolayer present at the inter- 
face. For future reference, we have compiled data for various heights (five for each 
set of the other parameters) from which the value for a particular measured height can 
be obtained by interpolation, provided the change in interfacial tension due to the presence 
of the monolayer is not too great. See (iz) under Discussion. 


(d) Various Elevations at the Wall 

For the same reasons as mentioned under (c) we proceeded with calculations at the 
wall, using five different heights of elevation of the interface at the vessel wall. 

Typical results of profile calculations are shown in Fig. 2 for a curve outside the 
ring. (Tables and curves for other sets of parameters can be obtained from the authors 
upon request.) 

The results of the area calculations are given in Tables | and II. 


TABLE II 


Area increase for various elevations at vessel wall 

















B = 3.308 B = 6.462 
Height A area Q A area G 
(cm) Uo (cm?) increase Uo (cm?) increase 
0.3 0.5066 1.769 1.057 0.6890 2.618 1.564 
0.4 0.6560 3.205 1.914 0.85767 5.009 2.992 
0.5 0.7873 5.165 3.085 0.95715 9.205 5.498 
0.6 0.8932 7.893 4.715 0.98626 15.207 9.083 
0.7 0.96116 12.071 7.210 0.993004 20.465 12.224 





Note: Vessel radius 7.30 cm. 
Ax = 0.146 cm. 


EXPERIMENTAL 


For a particular oil/water interface there are three heights which require experi- 
mental determination for present purposes. These are the height of the interface at 
the wall of the vessel, ;; and at the position of maximum pull on the ring, the height 
of the ring, hz, and the lowest point of the interface drawn up inside the ring, h3 (see 
Fig. 1). Heights 4; and hz can be determined optically, but because of the complex 


OIL 





WALL 








Fic. 1. Diagram showing the heights requiring experimental determination. 


curvature around the ring, optical determination of hs appeared difficult if not im- 
possible. After experimenting with photographic methods, the use of a cathetometer, 
and simple observation with a scale placed in contact with the outside wall of the vessel, 
it was concluded that determination of /, is best carried out by the simple scale method. 
This method can also be used fairly reliably for he, but in the present work the more 
convenient and accurate method developed for the determination of h; was used for 








1942 CANADIAN JOURNAL OF CHEMISTRY. VOL. 37, 1959 


hy as well. This makes use of an electrical probe and depends on the fact that the electrical 
conductivity of distilled water is much greater than that of a hydrocarbon liquid. The 
device was as follows: a platinum electrode (1 cm X 1 cm) was placed in the water in 
the bottom of the vessel and connected through a 20-v dry cell to one terminal of 


o7r 


Qo 


coh] 








0.0 4 


0954 1.431 1.908 2.385 
— x(cm) 





Fic. 2. Calculated and experimentally determined profiles of the interface outside the ring. The solid 
lines were computed. The dots are experimental points for a benzene/water interface, the triangles for a 
hexane/water interface. 
an electrometer-type vacuum tube voltmeter (Keithley, VTVM, input impedance 
ca. 10“). A second electrode, the probe, in the form of a fine platinum wire, was 
connected to the other terminal of the voltmeter. The probe was attached to a 
micromanipulator which permitted movement in three perpendicular directions, each 
movement being equipped with a scale and vernier. The system was found to be very 
sensitive; when the probe was in the oil, no movement of the electrometer needle was 
detectable, but at the instant contact was made with the water interface, the instru- 
ment registered a reading of 20 v. This method was suitable not only for determining 
heights he and hs but could be used for mapping the profile of the interface; this was 
done for the region just outside the ring, see Fig. 2. 


TABLE III 








Heights (cm) 





Liquids hy he hs 








Benzene—water 0.68+0.04 0.72+0.02 0.40+0.02 
Hexane—water 0.54+0.04 0.55+0.02 0.41+0.01 





The water used in the determinations was distilled and then passed through a mixed 
bed ion exchange column; the organic solvents, benzene and n-hexane, were Fisher 
reagent and were distilled just before use; measured interfacial tensions against water 
agreed with published values. The dimensions of the Cenco platinum—iridium ring were: 
circumference of ring 5.998 cm, circumference of wire .1118 cm. The glass vessel used 
had a diameter of 14.60 cm. 

The results of the determinations are given in Table III. 
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DISCUSSION 


From Fig. 2 it can be seen that the theoretically computed and experimentally deter- 
mined curves more or less coincide, so that it may be assumed that the calculated results 
represent the Laplace equation quite well and that any deviations will be due to experi- 
mental inaccuracies rather than to computational errors. 

Computing errors that may have arisen are due to the following. 


(a) The Interval Size Taken 

For the region inside the ring the interval was chosen as one-tenth of the radius of 
the ring. In one case (xo = 0.954, yo = 0.45cm, B = 6.462) the region was split up 
in 20 intervals, and it was found that the curve obtained was almost identical to the 
one obtained from the 10-interval calculation, and that the area increase was 0.4317 cm?, 
as compared to 0.4367 cm? for the double interval size. For the region outside the ring, 
using the parameters, x) = 0.954, y. = 0.5, B = 3.308, an area increase of 1.199 cm? 
was calculated for the small interval computation, whereas for twice as large intervals 
it was 1.156 cm?. Thus, the finer division only affected the corrections by 1 to 4%, i.e. 
about 0.04% of the total area of the interface in a vessel of radius 7.30 cm, which is 
quite negligible. 


_ (b) The Accuracy of the Iterated uy) Value 

In some cases the “% value chosen leads to a y value of zero before u reaches zero, or 
vice versa, particularly at the wall of the vessel. This means that the initial mu value 
was in error by about 0.0001. The effect of such an error has been studied for one case 
at the wall (x) = 7.30cm, yo = 0.5cm, B = 3.308), and it was found that for uw) = 0.7872 
the area increase was 5.157 cm*, whereas for wu») = 0.7874 the area increase was 5.175 
cm?. For one case outside the ring (x = 0.954, y = 0.45, B = 6.462) the following 
results were found: for up = 0.9810, AA = 1.3792 cm?; for uw = 0.9808, AA = 1.3698 
cm?. In both cases a difference of 0.0001 in %) amounted to a difference of about 0.004% 
of the total area. 


(c) The Value of B . 
For a benzene—water interface the value of B was taken to be 3.308 and for a hexane— 
water interface 6.462 at a temperature of 18° C. These values were calculated from 


Be g(d2—d1) 
¥ 


where g = 980.6 cm/sec’, d. = density of water, d; = density of benzene or hexane, and 
y is the interfacial tension; dz and d, and y are dependent upon the temperature. For a 
1° increase in temperature B(benzene) increases by about 0.6%, and B(hexane) by 
about 0.2%. The effect of small changes in B on the area increments has been investigated, 
and it was found that area increases augmented by 0.6-1.0% for benzene—water inter- 
faces and by 0.2-0.6% for hexane—water interfaces, which indicates that the corrections 
expressed as a percentage of the total area amount to about 0.005-0.01% per degree 
for both interfaces. This may be quite a considerable correction for an operator working 
far outside the ordinary temperature range, but it is felt that for most purposes the 
correction is negligible. 

Thus all possible corrections amount to a negligible change in the AA values given 
in the tables. 

The corrections for oil-water interfaces can be obtained from the tables by means 
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of suitable interpolation for the heights h; and hz determined; e.g. for the heights observed 
by us with a 0.954-cm radius ring, and 167.5-cm? area dish: 


Benzene-water h,; = 0.68cm — AA = 11.24 \ total correction 
3.50 | 


he = 0.72 \ _ 14.74 cm?, i.e. 8.827 

hs = 0.40 { 44 = Sener 
Hexane-water h; = 0.54 — AA = 11.61 total correction 

he = 0.55 \ a 14.65 cm?, i.e. 8.75%. 

hs = 0.41 i > AA = 3.04 oO 


These percentage increases come close to the 10% estimated by Crisp (2) for vessels 
of area 300 cm?. It is likely that above 100 cm? the percentage increase will decrease 
only very slightly with increasing vessel size. 

It is interesting to compare the computed values for ho—h; with the experimental 
ones. For benzene—-water the values are 0.342 and 0.320, respectively, for hexane—water 
0.144 and 0.140, respectively. In view of the experimental inaccuracies (see Table III) 
this is very satisfactory agreement. 

A few points of general interest may be reported here. 

(i) The size of the vessel can influence the elevation of the ring. For the particular 
vessel used by us, radius 7.30 cm, the interface at the wall curves downward to reach 
the planar part asymptotically. At a distance of 2.04cm the elevation has become 
negligibly small. At a distance of 2.86 cm from the ring outward the elevation of the inter- 
face is negligibly small as well. As 2.04+2.86 < 7.30—0.954, the two curves will not 
overlap. However, when the radius of the vessel becomes smaller than 5.85cm, the 
curves will overlap, and the ring height will be affected. Thus it is advisable to use 
vessels of radius larger than 5.85 cm, with a ring of radius 0.954 cm. 

(ii) If, as a result of the presence of an interfacial monolayer, the lowering of the 
interfacial tension becomes too great, it will no longer be permissible to use the data 
tabulated in this paper, as these were obtained using the capillary constant characteristic 











|) a! 


_ Fic. 3. Diagram illustrating the curving effect at the ring surface, for finite wire diameter (observed 
in experiments) and for zero wire diameter (indicated by Freud and Freud). 


of the uncontaminated interface between the two liquids. For interfacial pressures up to 
about 5 dynes/cm, the tabulated area values would probably be acceptable for most 
purposes; however, in cases where the lowering of the interfacial tension is considerable, 
further computation using a program similar to that described in this paper, would be 
necessary. The measured value of the interfacial tension would be required for calculation 
of the constant B, see equation [3]. 
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(17) The peculiar effect found by Freud and Freud (5) that the interface at the 
ring can curve inwards beyond AE (see Fig. 3), cannot be explained from considerations 
of the Laplace equation alone. For such behavior the equation dy = —udx/\/1—v? 
should yield a finite negative value for dy (AD) when dx becomes infinitely small. This 
can only be the case when u becomes 1 as dx goes to zero. But u = sin @ and hence 
@ should become 90°. This in turn indicates that the tangent should be vertical, and 
this means that the curve cannot extend beyond AE. Also in no instance was an angle 
of 90° computed, i.e. w) was always smaller than 1. 

The fact that there can be a region where the interface around the ring curves inwards 
beyond AE, i.e. where ¢ > 90°, can only be explained on the basis of the finite wire 
diameter of the ring, a constant which has not been considered in the present treatment. 
Thus, if the curve starts at the point C, where the interface leaves the wire, and the 
contact angle is small or zero, it is apparent that the interface can curve inwards. Such 
curvature has in fact been observed in the present studies, but it was noted that the 
interface did not curve in beyond the vertical line GH. 

(tv) The equations could have been solved with the center of symmetry as a starting 
point, but then the boundary value of «/x becomes doubtful. It may be assumed that 
the value is given by |’Hopital’s rule: 


€ 


B(h2—hs) 


eis 


bo 


but since h.»—hz3 is even less accurate than hz alone, and since small errors in hg—h3 lead 
to wide spreads in the curves obtained, this method of approach was abandoned in 
favor of the one reported here. 
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MECHANISM OF FORMATION OF ANTHOCYANIDINS 
FROM FLAVAN-3,4-DIOLS! 


A. V. ROBERTSON? 


ABSTRACT 


Conversion by hydrochloric acid in 2-propanol of 5,7:3’,4’-tetramethoxyflavan-3,4-diol 
(I; R = OMe) into cyanidin chloride 5,7:3’,4’-tetramethyl ether is examined. The diol is 
wholly changed into the anthocyanidin. The over-all reaction mechanism must therefore 
be oxidative, since the alternative of disproportionation is excluded. Fading of this antho- 
cyanidin in solution is studied. Attempts to synthesize flavan-3-one derivatives are briefly 
described. 


Interest in the mechanism of conversion of flavan-3,4-diols (e.g. I; R = OH) into 
anthocyanidins (e.g. Il; R = OH) arises from the possible biogenetic relation between 
natural leucoanthocyanins and anthocyanins and the need for satisfactory analytical 
procedures for leucoanthocyanins in plant materials. The usual qualitative test for 
leucoanthocyanins depends on the production of anthocyanidins by treatment with hot 
hydrochloric acid, and as late as 1953 the leuco-compounds had to be defined as colorless 
substances giving this reaction (1). Since then several leucoanthocyanins have been 
structurally identified as flavan-3,4-diol derivatives (2). An important feature of the 
chemistry of the leucoanthocyanins is that the anthocyanidins produced from them 
have lost the 4-hydroxyl and retained the 3-hydroxyl group, and Bauer, Birch, and Hillis 
suggested that the mechanism is an initial acid-catalyzed dehydration to a flavan-3-one 
(e.g. III) (3). The mechanism for the required direction of dehydration has been dis- 
cussed by Birch for the corresponding tetrahydronaphthalenes (4). Flavan-3-ones, like 
flavan-3,4-diols, are in the same oxidation state as dihydroanthocyanidins so that the 
flavylium salt must be produced by oxidation. Over-all mechanistic possibilities are 
direct oxidation and disproportionation (3, 5). Production of anthocyanidins from 
leucoanthocyanins seems independent of the presence of oxygen in some cases, but not 
in others (6, 7). The reduced substance from disproportionation of a flavan-3-one would 
be at the catechin (e.g. IV; R = OH) level of oxidation. The detection of catechins 
among the products from the action of acid on cacao leucocyanidin (8) is no longer 
support for the disproportionation hypothesis (3, 5, 9), since Forsyth and Roberts (10) 
have shown that this leucoanthocyanin contains an epicatechin unit bound as a semiacetal 
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to what is probably a flavan-2-ol-3-one. Roux and Bill (11) have recently obtained 
evidence for the initial dehydration step by demonstrating that increased yields of antho- 
cyanidins result when treatment of several flavan-3,4-diols with acid is conducted under 
anhydrous conditions. The low yield of anthocyanidins from leuco-compounds is generally 
considered to be due to a competing reaction leading to condensed tannins. This is 
explicable if flavan-3-ones are intermediates for, by analogy with the naphthalene 
analogues (8-tetralones), they would be very unstable, polymerization occurring by 
aldol-type condensations of the ketone group with the phloroglucinol nucleus (3). Direct 
polymerization of flavan-3,4-diols can also be expected to occur by routes similar to the 
acid-catalyzed self-condensations of catechins, suggested mechanisms for which have 
been reviewed by Freudenberg and Weinges (12). Much higher yields of anthocyanidins 
have recently been obtained by Laumas and Seshadri (13), who first converted the 
flavan-3,4-diols into flav-3-en-3-ol acetates (e.g. V). In such flavan-3-one derivatives 
competing self-condensations are inhibited because of the lowered reactivity of the 
acetylated phenolic rings. Other products may also be produced by acid treatment of 
leucoanthocyanins, and some of these have been identified as flavonols and more highly 
condensed leucoanthocyanins (14, 15). The reaction is thus most complex, since different 
kinds and ratios of flavonoid substances can be formed depending on the precise experi- 
mental conditions and the particular leucoanthocyanin being studied. 

This paper reports a study of the action of acid on the tetramethoxyflavan-3,4-diol 
(I; R = OMe) and of attempts to synthesize certain flavan-3-ones. Birch has briefly 
described some of these experiments (16). 

The diol (I; R = OMe) was prepared by reduction of taxifolin tetramethyl ether 
(VI) with either lithium aluminum hydride or sodium borohydride. The crystalline pro- 
duct was considered to be a mixture of stereoisomers because of the melting range (175- 
190°; compare Swain (14)) of analytically pure material, and because spots of the com- 
pound on paper chromatograms were always somewhat streaked (chromatographic 
examination by Mr. W. E. Hillis). Ganguly and Seshadri have recently separated two 
isomers of m.p. 172° and 198° from this reduction (17). The proportions and ease of 
separation of the isomers may depend on the optical purity of the starting material as 
well as the exact experimental conditions. The present taxifolin tetramethyl ether had 
[alp —14° (2.5% in chloroform) and the recrystallized diol was optically inactive 
(polarimetric examination by Dr. J. W. Clark-Lewis). 

The action of hydrochloric acid in 2-propanol on the diol gave cyanidin tetramethyl 
ether (II; R = OMe), which could be separated from the other product of the reaction, 
a neutral polymer, by normal partition methods. The flavylium salt was obtained as 
the crystalline dihydrate and its identity was proved by analysis and comparison of the 
ultraviolet and visible spectrum, color reactions, and paper chromatographic behavior 
with these properties for a synthetic specimen. The neutral by-product was reddish- 
purple and produced more flavylium salt on further acid treatment. The salt was separated 
and the neutral fraction was again heated with acid. After the third acid treatment no 
more anthocyanidin was formed, and the combined yield of cyanidin tetramethyl ether 
amounted to about 40% (percentage yields have been calculated throughout for this 
reaction by assuming a diol:anthocyanidin stoichiometry of 1:1). Neutral material 
remaining at this stage was quite intractable and attempts to prepare crystalline deriva- 
tives were unsuccessful. 

The anthocyanidin is unstable under the conditions of its formation: the yield (12%) 
after 5 hours’ refluxing with the reagent with free exposure to air was slightly lower 
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than that (15%) after 1 hour under the same conditions and, more significantly, the 
neutral fraction no longer produced a red color with acid. Production of the antho- 
cyanidin is dependent on the presence of oxygen for only a trace (3%) was isolated 
after 1 hour in an atmosphere of nitrogen. 

Failure to obtain more than 50% of the diol as anthocyanidin is therefore a result of 
decomposition of the product and not evidence for disproportionation. In any case, 
disproportionation would lead to one or more of the stereoisomeric catechin tetramethyl 
ethers (IV; R = OMe), but no evidence for their presence in the reaction products 
was obtained. (+)-Catechin tetramethyl ether is also unstable under the reaction con- 
ditions, but the rate of decomposition is sufficiently slow to allow isolation of the 
compound if it were present. 

It is possible that considerably greater yields of anthocyanidin could be obtained by 
frequent interruption of the reaction, but such preparative experiments are tedious and 
lead to inaccuracies due to losses during extraction and isolation of products. Spectro- 
photometric examination appeared to offer a more convenient and accurate method of 
measuring the yield of anthocyanidin. In practice, complications arose through fading 
of the anthocyanidin but the results confirm the conclusion from the preparative 
experiments. 

When the flavan-3,4-diol (I; R = OMe) was refluxed in the acid solvent in diffuse 
daylight, the anthocyanidin concentration at first rapidly increased but fell off as the 
rate of decomposition became greater than the rate of formation. The maximum intensity 
occurred at 30 minutes and corresponded to a 25% yield of anthocyanidin. The spectrum 
of the solution was recorded when the optical density at the visible absorption peak had 
become constant (Fig. 1, curve D). Under the same conditions pure tetramethylcyanidin 
gave a nearly identical spectrum (curve C). A trace of color remained in each solution 
after prolonged boiling. After similar treatment (+)-catechin tetramethyl ether had the 
spectrum shown in curve E. The spectrum of pure tetramethylcatechin closely resembles 
that of pure diol (1; R = OMe) (curve B). The high intensity absorption of curves C 
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Fic. 1. (A) Tetramethylcyanidin chloride (II; R = OMe) in acidified 2-propanol. (B) Tetramethoxy- 
flavan-3,4-diol (I; R = OMe) in ethanol. (C) (II; R = OMe) after 15 hours’ refluxing in acidified 2-pro- 
panol. (D) (I; R = OMe) after 15 hours’ refluxing in acidified 2-propanol. (E) Tetramethylcatechin 
(IV; R = OMe) after 15 hours’ refluxing in acidified 2-propanol. 
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and D is unresolved and due to mixtures. Disproportionation of the diol into tetra- 
methylcyanidin and tetramethylcatechin would lead to a mixture of decomposition 
products whose spectrum would be the sum derived from curves C and E at halved 
concentrations. The only reasonable conclusion from the fact that curves C and D are 
essentially superposable is that they represent the same mixture of decomposition pro- 
ducts. In other words the diol must be wholly converted into anthocyanidin which 
then decomposes into unknown products. The possibility of any disproportionation of 
this flavan-3,4-diol under these conditions is clearly excluded. The conclusion from the 
earlier preparative scale experiments is supported: the final neutral material was largely 
a decomposition product of anthocyanidin already formed, and no weight should be 
attached to the failure to isolate more than 50% of anthocyanidin, since this value 
merely represents the quantity isolable when the reaction mixtures were worked up at 
the arbitrary times used. 

The degree to which these conclusions may be extrapolated to the reactions of phenolic 
flavan-3,4-diol is difficult to assess. The tetramethyl ether used in the present work is 
deactivated towards competing side reactions such as self-condensations involving 
active methylene groups. Nevertheless, the yield of flavylium salt as determined spectro- 
photometrically may not measure the total conversion of leucoanthocyanins into 
anthocyanidins, and the need fer blank fading experiments with the latter compounds 
is obvious. 

It is generally known that solutions of anthocyanidins are unstable, and fade parti- 
cularly under the influence of light. The phenomenon has not been studied extensively 
although Spaeth and Rosenblatt (18), Nordstrém (19), and Hillis (15) have investigated 
the matter in order to establish satisfactory analytical methods for anthocyanidins and 
leucoanthocyanins. Nordstrém found that solutions of cyanidin chloride (II; R = OH) 
in 0.1-2.0 N hydrochloric acid were stable in the dark at room temperature or 100°, 
but on 6 hours’ exposure to diffuse light the intensity of color decreased by 10%, and 
by 95% in sunlight. Slightly less fading occurred under nitrogen. Hillis reports somewhat 
faster fading for 3,7,8:3’,4’-pentahydroxyflavylium chloride in acidified 2-propanol. The 
presence of other materials can greatly influence the rate of fading. For example, after 
reduction of quercetin penta-acetate in tetrahydrofuran with lithium aluminum hydride 
(3), a 50% yield of cyanidin chloride (compare King and White (20)) can be obtained 
by partition between hydrochloric acid, amyl alcohol, and light petroleum if the acidified 
reaction mixture is worked up immediately; when the aqueous acid fraction is left for 
3 hours in diffuse light, the cyanidin chloride decomposes and leaves a light orange 
solution. 

Cyanidin tetramethyl ether (Il; R = OMe) in acidified 2-propanol was stable in the 
dark at room temperature. Nevertheless, at reflux temperature (80°) in darkness the 
color faded only slightly more slowly than at 80° in duffuse daylight. Fading was only 
slightly faster under oxygen and only slightly slower under nitrogen. In sunlight the 
anthocyanidin solution was decolorized very rapidly and the process was considerably 
slower under nitrogen. The rate of fading in sunlight at room temperature was faster than 
the rate at 80°. Cyanidin chloride and 3,7,8:3’,4’-pentahydroxyflavylium chloride behaved 
similarly in the above tests, but qualitative comparisons showed that the free phenols 
fade at a noticeably slower rate than tetramethylcyanidin chloride. 

It was hoped to obtain further information about the conversion by acid of flavan- 
3,4-diols into anthocyanidins by examination of the properties of synthetic flavan-3- 








1950 CANADIAN JOURNAL OF CHEMISTRY. VOL. 37, 1959 


ones. Such information has added interest in view of the recent work by Laumas and 
Sheshadri on flavan-3-one enol acetates (e.g. V) (13). There are few other reports of 
syntheses in this field. Karrer and Fatzer claimed to have prepared the flavan-3-one 
(VIII) by catalytic reduction of the anthocyanidin (VII) (21). Fonsenka hydrogenated 
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the flavylium salt (1X) over platinum and obtained a crystalline compound to which he 
assigned the structure of the enol ether (X) on the basis of scanty evidence (22). Karrer 
and Seyhan reduced three 3-methoxyflavylium salts (e.g. XI) with lithium aluminum 
hydride and obtained crystalline dihydro products which were allotted structures of 
the corresponding flavan-3-one enol ethers (e.g. XII) (23). Elementary analysis and 
analogy with the reduction of quinolinium and isoquinolinium salts (24) were the only 
pieces of evidence used to support these formulations. 

We have been unable to prepare crystalline flavan-3-ones or corresponding enol 
ethers. Reduction of flavylium salts (XI), (II; R = OH) and (II; R = OMe) with 
complex metal hydrides, hydrogen in the presence of catalysts, or combinations of these 
methods, gave oils or gums from which the flavylium salts were sometimes regenerated 
by the action of acids. Oxidative methods were also unsuccessful. The tetramethyl ethers 
(IV; R = OMe) of (+)-catechin and (—)-epicatechin resisted oxidation by the methods 
of Oppenauer and Sarett. Details of these unfruitful experiments are given below. 


EXPERIMENTAL 


Absorption spectra were measured with a Hilger Uvispek spectrophotometer. The 
term ‘‘acid reagent’’ is used to describe the solvent mixture 2-propanol:10 N hydrochloric 
acid (9:1). 


5,7: 3',4'-Tetramethoxyflavan-3,4-diol (1; R = OMe) 

Taxifolin tetramethyl ether (3.0 g) in tetrahydrofuran (100 ml) was added dropwise 
to a stirred slurry of lithium aluminum hydride (0.5 g) in tetrahydrofuran (50 ml) at 
0°. Excess of reagent was decomposed with water after 1 hour and the mixture was 
poured into dilute hydrochloric acid at 0°. The mixture was immediately extracted 
with chloroform and after removal of solvent the slightly pink product (2.8 g) was 
recrystallized three times from ethanol to give the diol (I; R = OMe) as white feathery 
needles having m.p. 175-190° after drying im vacuo at 100°. (Found: C, 62.7; H, 6.3; 
OMe, 34.5%; M (Rast), 390. Calc. for CigH2O7: C, 63.0; H, 6.1; 40Me, 34.8%; M, 
362.) The diol is moderately soluble in alcohol, but is very difficult to dissolve. For 
recrystallization it was convenient to add ethanol (50 ml) to a solution of the compound 
(1 g) in hot acetone (10 ml) and reduce the volume to 30 ml by boiling. 
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5,7: 3',4'-Tetramethylcyanidin Chloride (11; R = OMe) 

Karrer and his co-workers (25) claimed to have prepared this compound by methyla- 
tion of cyanidin, but Hayashi (26) obtained a compound having different properties by 
condensation of the appropriate phloroglucinaldehyde and acetophenone derivatives. 
Hayashi’s work has been substantiated in this laboratory and, as his paper was available 
only in abstract, the synthesis is reported in full. 

Phloroglucinaldehyde 2,4-dimethyl ether was prepared from phloroglucinol dimethyl 
ether (27), by the method of Gruber (28). w-Acetoxyacetoveratrone (29) was prepared 
from acetoveratrone (30) via w-bromoacetoveratrone (31). A solution of phloroglucin- 
aldehyde 2,4-dimethyl ether (2.7 g) and w-acetoxyacetoveratrone (3.6 g) in ethyl acetate 
(50 ml) and ethanol (10 ml) was saturated at 0° with hydrogen chloride and left in the 
refrigerator. Three days later the precipitate (2.5 g) was collected, recrystallization from 
ethanol:10 N hydrochloric acid (1:1) giving cyanidin tetramethyl ether dihydrate, after 
drying to constant weight im vacuo at room temperature, as red-brown microcrystals 
having a golden luster. (Found: C, 55.0, 55.0; H, 5.5, 5.6; Cl, 8.5; OMe, 25.1, 24.8; 
MeCO, 0. Calc. for CigHigOeCl.2H.O: C, 55.0; H, 5.6; Cl, 8.6; 40Me, 29.9%.) Light 
absorption in ethanol:10 N hydrochloric acid (9:1): Amax 209 (log € 4.50), 276 (4.25), 
381 (3.63), and 532 my (4.59). Dilution with ether of the mother liquors from the reaction 
mixture gave further crude flavylium salt (2g). Attempts to prepare the anhydrous 
anthocyanidin by drying the dihydrate in vacuo at elevated temperatures were un- 
successful owing to general decomposition. The pure dihydrate sintered at 140°, softened 
at 170°, but was not completely molten until 200° (decomp.), on a Kofler block. The 
structure of the compound was confirmed by reduction to tetramethylepicatechin. 


(+)-Epicatechin 5,7: 3',4'-Tetramethyl Ether 

Tetramethylcyanidin chloride dihydrate (0.41 g) in ethanol (30 ml) was hydrogenated 
at room temperature and pressure over platinum black (0.3 g). When reduction was 
complete (1 hour), the catalyst was removed and the filtrate was evaporated at reduced 
pressure. The residue, dissolved in ether, was washed with aqueous sodium hydroxide 
and water. Removal of the ether left a light yellow gum (0.35 g) which was chromato- 
graphed in benzene on alumina. Elution with benzene:ether (4:1) gave (+)-epicatechin 
5,7:3',4’-tetramethyl ether (0.118 g, 34%) which after recrystallization from aqueous 
methanol had m.p. 136-139°. (Found: C, 65.7; H, 6.4. Calc. for CisH2O¢.: C, 65.9; H, 
6.4%.) The infrared absorption spectra in Nujol of the (+)-compound and authentic 
(—)-epicatechin tetramethyl ether showed an exact correspondence. 


Stability of 5,7: 3',4'-(+)-Catechin Tetramethyl Ether to Acid Reagent 

Tetramethylcatechin (50 mg) was refluxed for 1 hour in acid reagent (25 ml). The 
colorless solution was evaporated to dryness under reduced pressure and the partly 
crystalline residue was chromatographed in benzene on alumina. Elution with benzene— 
ether (4:1) gave starting material (27.5 mg, 55% recovery). 


Reactions of Flavan-3,4-diol (1; R = OMe) with Acid Reagent 

A typical experiment is described. The flavandiol (200 mg) was dissolved in boiling 
2-propanol (90 ml) in a flask shaded from direct light, and concentrated hydrochloric 
acid (10 ml) was added. An immediate red coloration was observed which became more 
intense as the solution was refluxed (1 hour). Most of the solvent was removed in vacuo 
and, after addition of amyl alcohol (10 ml) and light petroleum (100 ml; b.p. 60-80°), 
the flavylium salt was extracted into 2 N hydrochloric acid (4X25 ml). The antho- 
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cyanidin (35 mg, 15%) was purified by further partitioning in the usual way between 
amyl alcohol, light petroleum, and dilute hydrochloric acid, and was finally obtained 
as the dihydrate of tetramethylcyanidin (II, R = OMe) by crystallization and drying 
as for the synthetic sample above. (Found: C, 55.4; H, 5.6; Cl, 9.0.) The light absorption, 
color reactions, and paper chromatographic behavior were identical with those for the 
synthetic specimen; Rr 0.69 in 2 N hydrochloric acid: acetic acid (7:3) (lit., (14) 0.62), 
and 0.93 in water:acetic acid:10 N hydrochloric acid (10:30:3) (lit., (19) 0.82). The 
material that remained in the first light petroleum layer was a reddish-purple amorphous 
solid (160 mg) which yielded further flavylium salt on repetition of the above treat- 
ment. The neutral fraction (125 mg) which was separated still furnished tetramethy]- 
cyanidin, but after a third treatment as above the neutral fraction (93 mg) gave no 
red color on heating with the acid reagent. It was a brown gum which resisted crystal- 
lization and could not be purified by chromatography on alumina, or by acetylation. The 
total yield of crude flavylium salt was 88 mg. Other reactions with slight experimental 
modifications gave much the same results. In one experiment, the neutral fraction after 
the first hour’s heating was chromatographed, but no crystalline compounds were 
obtained. When the initial heating was continued for 5 hours, 12% of anthocyanidin 
was isolated, but the dark neutral fraction no longer gave a red color on heating with 
the acid reagent. When a moderate stream of oxygen was passed through the reaction 
mixture the yield of anthocyanidin in 1 hour was 18%. Under purified nitrogen, the 
yield in 1 hour was 3% in either a sealed flask, or with a stream of gas through the 
solution; the solvents in each case were freed from oxygen by refluxing for 1 hour with 
passage of purified nitrogen before the diol was added. 


Spectrophotometric and Fading Experiments 

Beer’s law was valid within +2% for cyanidin tetramethyl ether over the range of 
optical densities 0.1—-2.0 at the visible absorption peak. The reactions with tetramethyl 
cyanidin, the diol (I; R = OMe), and tetramethylcatechin were performed by refluxing 
1- to 2-mg samples, accurately weighed, in 40 ml of acid reagent. The volumes were finally 
made up to 50 ml to eliminate solvent evaporation errors. Log e values of decomposition 
products were calculated using molar concentrations of starting materials. The rate 
of fading of refluxing tetramethylcyanidin solution in diffuse daylight was: 40% in 
1 hour; 60% in 2 hours; 70% in 3 hours; 90% in 6 hours; and 98% in 12 hours. The 
last trace of color remained even after the solution was heated a further 12 hours. In 
sunlight, the anthocyanidin solution in a pyrex tube was completely decolorized in 
20 minutes at room temperature and 45 minutes at reflux temperature. When oxygen 
was passed through the cold solution in sunlight fading was complete in 6 minutes, 
but under nitrogen 80 minutes were required. 


Reduction of Anthocyanidins 

Karrer and Seyhan prepared the enol ether (XII) by treating a suspension of 3,5,7- 
trimethoxyflavylium chloride (XI) (27) in ether with lithium aluminum hydride (23). 
In our hands no reaction occurred under these conditions, presumably because of the 
complete insolubility of the anthocyanidin which was recovered by acid extraction and 
the usual partition methods after decomposing the excess of reagent. The anthocyanidin was 
soluble in tetrahydrofuran, but numerous reduction experiments with lithium aluminum 
hydride gave yellow or red oils which resisted crystallization and which darkened rapidly 
on exposure to air. Treatment of these oils with aqueous or alcoholic hydrochloric acid, or 
acetic acid gave the original flavylium salt having Rr 0.80 in 2 N hydrochloric acid: acetic 
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acid (7:3). Color developed after a few minutes in the cold and very rapidly on heating. 
These properties were not changed under nitrogen. 3,5,7-Trimethoxyflavylium ferri- 
chloride was formed when the oils were treated with anhydrous ferric chloride in glacial 
acetic acid. The compound had m.p. 176—178° (lit., (27) 174°) after recrystallization 
from acetic acid. (Found: C, 43.8; H, 3.2. Calc. for CisHi7zOyClFe: C, 43.7; H, 3.4%.) The 
melting point was not depressed by admixture with an authentic specimen. Similar oils 
were obtained when the anthocyanidin in tetrahydrofuran was reduced with sodium 
borohydride in water. When the flavylium salt in ethanol was treated with sodium 
borohydride in water, 3,5,7-trimethoxyflavylium pseudo base ethyl ether was obtained 
as white prisms of m.p. 90-91° after recrystallization from aqueous alcohol. (Found: 
C, 69.4; H, 6.4. CooH2O; requires C, 70.2; H, 6.5%.) This compound regenerated the 
anthocyanidin (XI) immediately with cold acid. 

At room temperature and pressure, solutions in ethanol of flavylium salts (XI), (II; 
R = OH) and (II; R = OMe), were decolorized by 1 mole of hydrogen over Adam’s 
catalyst or platinum black, but only unstable red gums were isolated. An attempt to 
provide evidence for the fugitive existence of the flavan-3-ones from cyanidin and 
tetramethylcyanidin was made by adding sodium borohydride to solutions in ethanol 
which had absorbed 1 mole of hydrogen over platinum and then been neutralized. Only 
dark amorphous material was isolated even after acetylation or methylation, and no 
‘indication of the presence of catechin derivatives was obtained. 


Attempted Oxidation of Catechins 

(+)-Catechin 5,7:3’,4’-tetramethyl ether (1 g) was unchanged after being refluxed 
(40 hours) with aluminum isopropoxide (2g) and cyclohexanone (5 ml) in toluene 
(50 ml). The tetramethyl] ether (1 g) in pyridine (10 ml) was treated with chromic oxide 
(1 g) in pyridine (10 ml) according to the method of Sarett and his co-workers (32). 
The substance isolated (0.7 g) was starting material. (—)-Epicatechin 5,7:3’,4’-tetra- 
methyl ether behaved similarly toward these reagents; no ketonic fraction was obtained 
when the material isolated was treated in each case with Girard P reagent. 
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THE SYNTHESIS OF 5-O-METHYL-t-ARABINOSE! 


G. G. S. Dutton, Y. TANAKA, AND K. YATES 


ABSTRACT 


5-O-Methyl-L-arabinose is thought to occur in the hydrolysis products of methylated wheat 
bran hemicellulose. This sugar has now been synthesized from ethyl 2,3-di-O-acetyl-5-O- 
trityl-a-L-arabinoside by detritylation, methylation, and hydrolysis. The free sugar was 
obtained as a sirup and was characterized by periodate oxidation together with the prepara- 
tion of a crystalline osazone and a crystalline lactone. 


In 1955 Adams (1) reported the probable occurrence of 5-O-methyl-L-arabinose, 
together with another monomethylarabinose, in the hydrolysis products of methylated 
wheat bran hemicellulose. It was not possible to separate these compounds and no con- 
stants for 5-O-methyl-L-arabinose were available so that positive identification was not 
possible. 

We have now synthesized this compound from L-arabinose diethylmercaptal in 16% 
over-all yield by the following series of reactions: 

L-arabinose diethyl mercaptal (I) — ethyl a-L-arabofuranoside (II) — ethyl 2,3-di-O-acetyl-5-O-trityl- 


a-L-arabinoside (III) — ethyl 2,3-di-O-acetyl-a-L-arabinoside (IV) — ethyl 2,3-di-O-acetyl-5-O-methyl- 
-a-L-arabinoside (V) — 5-O-methyl-L-arabinose (VI). 


Tritylation and acetylation of (11), which was readily obtained from (I) by the action 
of ethanol, mercuric chloride, and mercuric oxide, afforded (III) in high yield as a sirup. 
Although detritylation of (III) with hydrogen bromide in acetic acid was not satisfactory 
and gave positively rotating sirups the use of 80% acetic acid gave (IV) in high yield. Two 
treatments with Purdie’s reagents gave a sirup which showed no hydroxyl band in the 
infrared. Successive hydrolyses with alkali and acid gave a sirup which showed a strong 
p-anisidine positive spot with R,0.30 (butanone—water azeotrope) and several weak spots 
which were not further examined. By chromatography on a column of cellulose—hydro- 
cellulose (2) the component of R, 0.30 was obtained pure. 

A sample of this compound was oxidized with sodium metaperiodate and rapidly 
consumed 3 moles of periodate yielding 3 moles of formic acid. These results can be 
expected only from the 5-O-methy] derivative. Confirmation of this structure was obtained 
from the infrared spectrum of the lactone obtained by bromine oxidation. It has been 
reported that y-lactones of aldonic acids show their C=O band in the range of 5.59- 
5.68 » while for 6-lactones this is in the range of 5.68-5.79 yw (3). The C=O band of our 
mono-O-methyl-L-arabonolactone was at 5.62 uw, in agreement with the assigned structure 
of 5-O-methyl-L-arabinose. This was further supported by the fact that the lactone showed 
no change in rotation in aqueous solution after 20 hours. 

It may be noted that the 5-O-methyl ether has a much higher R,; value than the corre- 
sponding 2-O-methy] derivative and that this is consistent with sugars which can only exist 
in the furanose form. Although sugar acetates may undergo acetyl migration even in the 
presence of such a weak base as silver oxide (4, 5) there was no indication of such migration 
in the preparation described here. It is obvious that this preparation might be shortened 
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by starting from an equilibrium mixture of arabofuranosides but we preferred to use a 
pure anomeric form in the hope that any intermediates would be crystalline. This hope 
was not realized. The ethyl furanoside was preferred to the methyl because of the hygro- 
scopic nature of the latter (6, 7). 

The related 2- and 3-O-methyl-L-arabinoses have been known for some time and only 
the 4-isomer remains to be synthesized. 


EXPERIMENTAL 


Ethyl a,L-Arabofuranoside (6) 

L-Arabinose diethylmercaptal (4.90 g) was shaken for 4 hours at room temperature in 
absolute ethanol (50 ml) with mercuric chloride (11 g), yellow mercuric oxide (4.7 g), and 
drierite (1.5 g). The inorganic salts were removed by filtration and the filtrate was con- 
centrated im vacuo to sirup. The sirup was dissolved in chloroform (60 ml) to remove 
inorganic salts and evaporation of the solution gave a light yellow sirup (3.05 g, 90%) 
which crystallizéd slowly on standing after seeding. R, values of the sirup were 0.042 
(very weak), 0.386 (very weak), and 0.543 (strong) (butanone-water azeotrope). M.p. 
66-69° C, [a]7> —114.1° (c, 0.918 in water). Lit. (6) m.p. 68-69° C, [a]?? —116.0° (¢, 7.055 
in water). 


Ethyl 2,3-Di-O-acetyl-5-O-trityl-a,L-arabinoside (8) 

Ethyl a,L-arabofuranoside (3.05 g, 0.0172 mole) was dissolved in dry pyridine (20 ml) 
and the solution was kept at room temperature for 24 hours after addition of trity] 
chloride (5.25 g, 0.0188 mole). During this period pyridine hydrochloride precipitated out 
of the solution. Acetic anhydride (20 ml) was added and the solution was kept at room 
temperature for a further 24 hours. The acetylated solution was poured into ice water and 
extracted with chloroform (20 ml X 5). The chloroform solution was washed with aqueous 
sodium bicarbonate solution, washed with water, dried over anhydrous sodium sulphate, 
and evaporated in vacuo to give a yellow sirup (8.30 g, 96%), [a]?®> —82.9° (c, 0.362 
in chloroform). 


Ethyl 2,3-Di-O-acetyl-a,L-arabinoside (8) 

To ethyl 2,3-di-O-acetyl-5-O-trityl-a,L-arabinoside (8.30 g) were added water (62 ml) 
and glacial acetic acid (250 ml) and the mixture was heated for 1 hour in boiling water. 
The solution was concentrated in vacuo to give a mixture of tritanol and yellow sirup. The 
mixture was dissolved in chloroform (10 ml) and adsorbed on an alumina column 
(3.520 cm) which was washed with benzene. Tritanol was eluted first with benzene 
(800 ml) and the detritylated compound was eluted with chloroform (1500 ml). Evapora- 
tion of the eluate gave a yellow sirup (3.59 g, 83%) [a]?° —58.8° (c, 0.218 in chloroform). 
Lit. (8) [a]?° —30° (c, 1.7 in chloroform). Infrared spectrum of the sirup showed complete 
lack of aromatic character. 


Ethyl 2,3-Di-O-acetyl-5-O-methyl-a,L-arabinoside 

Ethyl 2,3-di-O-acetyl-a,L-arabinoside (3.59 g) and drierite (5 g) were stirred under reflux 
in methyl iodide (50 ml) for 6 hours. Silver oxide (10 g) was added in 10 portions at about 
30-minute intervals. Excess methyl iodide was removed by distillation and the residue was 
extracted five times with 50 ml each of chloroform. Evaporation of the solvent gave a 
yellow sirup (2.99 g). 

The procedure was repeated again under the same conditions and the yellow sirup 
(2.48 g, 65.5%), [a]2° —49.0° (c, 0.306 in chloroform), showed no free hydroxyl band on 
the infrared spectrum. 
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ITydrolysis of Ethyl 2,3-Di-O-acetyl-5-O-methyl-a,L-arabinoside . 

Ethy] 2,3-di-O-acetyl-5-O-methyl-a,L-arabinoside (2.48 g) was heated in a mixture of 2.N 
sodium hydroxide (20 ml), water (20 ml), and methanol (40 ml) for 1 hour in boiling 
water, and then neutralized with IR-120 resin (Rohm and Haas). The neutral solution 
was concentrated in vacuo to a volume of 65 ml and 1 N hydrochloric acid (65 ml) was 
added. The mixture was heated in boiling water and the hydrolysis was followed polari- 
metrically. The initial rotation (— 1.440° in 1-dm tube) changed after 4 hours to a constant 
value (—0.155° in 0.5-dm tube). The acidic solution was neutralized with Duolite A-4 
resin (Chemical Process Co.) and then concentrated in vacuo to a sirup (1.10 g, 74%). 
Paper chromatography (butanone—water azeotrope) of the sirup showed a strong spot of 
R, 0.30 and weak spots of R,'s 0.64, 0.53, 0.22, and 0.12. 


Separation of 5-O-Methyl-L-arabinose by Chromatography 

The hydrolysis product (1.1 g) was dissolved in methanol (2 ml) and was chromato- 
graphed on a cellulose—hydrocellulose column (3 X40 cm) using butanone—water azeotrope 
as developing solvent (rate of flow, 10 ml/30 minutes). Each fraction (10 ml) was checked 
by paper chromatography. In tubes No. 13-23 a compound with R; 0.30 was found with 
others having R, 0.64 and R, 0.53, but in tubes No. 24-40 only the compound with 
R,0.30 was observed. On evaporation of the fractions No. 24-40 a colorless sirup (387 mg) 
was obtained. Rechromatography of fractions No. 13-23 under the same conditions gave 
a further quantity of sirup (120 mg). Both were chromatographically pure (R, 0.30) and 
the total yield of the sirup was 507 mg (46%). Anal. calc. for CgsHwOs: OMe, 18.9%. 
Found: OMe, 18.8, 19.0%. [a|?° —32.0° (c, 0.484 in water). The R,; value in butan-1-ol-— 
ethanol-water—-ammonia (40:11:19:1) was 0.48. 


Periodate Oxidation of 5-O-Methyl-L-arabinose 

All reactions were carried out in the dark and at 5° C. 

(1) Determination of periodate consumed.—5-O-Methyl-L-arabinose (7.5 mg) was dis- 
solved in water (10 ml), and 0.23 M sodium metaperiodate solution (1 ml) was added to 
the solution. A blank was run concurrently. Aliquot portions (1 ml) were withdrawn at 
intervals and the consumption of periodate was determined by means of the arsenite 
method (8). The results are shown in Table I. 

(it) Estimation of formic acid produced.—After reacting overnight, an aliquot was 
titrated with 0.01 N sodium hydroxide solution using methyl red as an indicator. The 
results are shown in Table I. 


TABLE I 
Periodate oxidation of the mono-O-methyl-L-arabinose 








Formic acid 





Periodate consumption production 
Time, hour 0 1 2 3 Overnight Overnight 
Moles 1.97 * 2.68 2.70 2.86 2.86 3.09 





5-O-Methyl-L-arabinose Phenylosazone 

5-O-Methyl-L-arabinose (111 mg) was dissolved in 20% acetic acid (5 ml), and sodium 
bisulphite (110 mg) and phenylhydrazine (1 ml) were added. The solution was kept for 
1 hour at 80° C and then at room temperature overnight. The precipitated yellow crystals 
(50 mg) were filtered and recrystallized from aqueous acetone, m.p. 154.5°, [a]?° —16.6° 
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(c, 0.4 in methanol). Dilution of the filtrate with water gave a further 70 mg of the crystals 
which showed m.p. 154.5° after recrystallization from aqueous acetone. Total yield of the 
phenylosazone was 120 mg (52%). Anal. calc. for CisH220O3N,: C, 63.1; H, 6.5; N, 16.4; 
OMe, 9.1%. Found: C, 62.9; H, 6.4; N, 16.3, 16.6; OMe, 9.0, 9.2%. (C, H, and N by 
Drs. Weiler and Strauss, Oxford). 


5-O-Methyl-L-arabonolactone 

5-O-Methyl-L-arabinose (120 mg) was dissolved in water (2 ml) and kept at room 
temperature in the dark, after addition of bromine (10 drops). The oxidation was com- 
plete after 30 hours (paper chromatography) and water (10 ml) was added. Excess bromine 
was removed by aeration, and the solution was treated with silver carbonate and centri- 
fuged. After hydrogen sulphide was passed through the solution and after centrifugation, 
the solution was concentrated im vacuo to dryness to give a solid (77 mg) which by 
recrystallization from acetone-petroleum ether gave colorless needles, m.p. 135° C, 
[a]?> —76.2° (c, 0.22 in water) (no change after 20 hours); [a]?° —43.7° (c, 0.27 in 
acetone); y Nujol max. 5.62 uw. Anal. calc. for CsHieOs: OMe, 19.2%. Found: OMe, 
19.1, 19.3%. 
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TRANSFERENCE NUMBERS AND CONDUCTANCES IN CONCENTRATED 
SOLUTIONS: SILVER NITRATE AND SILVER PERCHLORATE AT 25.00° C' 


A. N. CAMPBELL AND K. P. SINGH? 


ABSTRACT 


The transference numbers, equivalent conductances, densities, and viscosities of aqueous 
solutions of silver nitrate and of silver perchlorate have been determined from a concentration 
of 0.1 M up to 7.6 M, for silver nitrate, and up to 5.6 M for silver perchlorate. In both cases 
the cation transference number increases considerably with increasing concentration. Certain 
anomalies in the results for silver perchlorate raise the possibility of complex ion formation 
here. Similar anomalies appear in the behavior of equivalent conductance with respect to 
concentration. 

The results of the conductance measurements have been compared with the values calcu- 
lated from the equations of Wishaw and Stokes and of Falkenhagen and Leist. 


Little experimental work has been done on transference numbers in concentrated 
solution. Elementary textbooks make such statements as, ‘‘They [transference numbers] 
vary somewhat with concentration, but the variation is in general not large. As a rule, 
the transference numbers that are large in dilute solution increase with rise in con- 
centration, while those which are small decrease.’”’ (1). This statement seems to rest 
principally on the results of Longsworth, which extend only to a concentration of 
0.2 M (2); a few results from other sources extend to 1.0 M. Apart from the present 
work, the only references to work in really concentrated solutions are those of Stokes 
and Levien (3), who determined the transference numbers of the ions of zinc per- 
chlorate, by the E.M.F. method, between the concentration limits 0.1 M to 4 M; of 
Lee and Millen (4), who determined the data for nitric acid, between the concentrations 
0.1 M to 1.8 M, by a form of the Hittorf method; and Fritz and Fuget (5), who measured 
the transference numbers of copper sulphate, by the moving boundary method, between 
0.1 and 0.5 M. 


EXPERIMENTAL 


Two years of work with the moving boundary method, using both sheared and auto- 
genic boundaries, and both rising and falling boundaries, convinced us that this method 
is not suitable for measurements in concentrated solution. The E.M.F. method rests on 
a not completely satisfactory theoretical basis and, in any case, for accurate results 
calls for a very high degree of precision in E.M.F. measurements. We were therefore 
forced to make use of the Hittorf method. 

It is sometimes claimed that the Hittorf method cannot be used in concentrated 
solution because the relative change of concentration becomes inappreciable with respect 
to the high concentration of electrolyte. This statement, however, is the result of careless 
thinking. It would be true if the same cell were used both for dilute and concentrated 
solutions. In dilute solutions, it is true that anode and cathode compartments must be 
relatively large, and widely separated, in order to preserve the necessary constancy of 
concentration in the middle compartment. If, however, one considers the well-known 
equation used in determining transference numbers by the moving boundary method, 
viz. 

t, = (VXCXF)/1000Q 

1Manuscript received July 24, 1959. 
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and solves this for V, the volume swept out by the moving boundary, i.e. 
V = t, 1000 0/CF, 


one sees that for a fixed Q the volume through which the boundary moves is inversely 
proportional to the concentration of the electrolyte. It is therefore only necessary to 
reduce the volumes of anode and cathode chambers as the concentration increases, in 
order to preserve constant the relative change in concentration. We therefore built 
Hittorf cells with smaller and smaller chambers. A limit is of course set to this by the 
necessity of having a chamber sufficiently large to hold the electrode. About 8 ml was 
the smallest volume of electrode chamber used by us. 

Other modifications of the usual method were as follows: Since the coulometer has 
been virtually abandoned as an instrument for measuring quantity of electricity in the 
moving boundary method, we saw no reason for retaining what is in practice a rather 
clumsy instrument. When working with the moving boundary method we were accom- 
modated, thanks to the kindness of Dr. G. Ballard and his associates of the National 
Research Council, with a constant current source which yielded constant current (maxi- 
mum variation equal to +0.02%) within the limits 1.5 ma to 15 ma, the potential at 
the same time altering between 1 and 500 v. Time was measured by means of a railway 
watch, whose maximum variation was 15 seconds in a week. In short, our determination 
of the quantity Q = Ct is practically without error. In some of our experiments, the 
experiment continued as long as 20 hours. In all cases, the central compartment was 
analyzed and absence of change there demonstrated. 

As a means of analysis we used the specific conductance. The contents of the anode 
and cathode chambers were run into separate containers and weighed and the specific 
conductance determined. As a preliminary, curves of specific conductance versus con- 
centration were determined, for silver nitrate and for silver perchlorate. Since it was 
now only necessary to determine, in addition to the above data, the density of the 
solutions, in order to obtain the equivalent conductance, this was done. It should be 
added that anode and cathode chambers were washed out and titrated with potassium 
thiocyanate to determine the silver salt adhering to the walls of the chamber. 

While the measurements with silver nitrate were pushed with ease up to a concen- 
tration of 7.640 molar, great discrepancies at first appeared in our results for silver 
perchlorate. These discrepancies were traced to the presence in the silver perchlorate 
(supplied as pure) of free acid, presumably perchloric acid. It was found quite easy to 
free the silver perchlorate from adhering acid by recrystallization from benzene. Examina- 
tion of the purified product with a series of indicators showed it to be neutral. (The pH 
meter gives wavering and uncertain results with silver perchlorate.) The results with 
the purified product were consistent and reproducible but we found a certain lack of 
agreement between the results from anode and cathode chambers, in the more con- 
centrated solutions, an effect we did not observe with silver nitrate. 

While the silver nitrate solutions were made up by direct weighing, it was not possible 
to do this with silver perchlorate because of its extremely hygroscopic nature. Accordingly, 
a very concentrated stock solution was made up and analyzed gravimetrically in quadru- 
plicate, by precipitation of silver as silver chloride, a method known for its accuracy. 
From this stock solution other solutions were prepared by weight dilution. 


EXPERIMENTAL RESULTS 
The results of the transference number experiments are contained in Table I. 
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TABLE I 


Transference numbers of silver nitrate and of silver 
perchlorate at different concentrations and at 25.00° C 








Transference number 








Concn. in 
moles/liter From anode From cathode 
Silver nitrate 
0.1000 0.469 0.470 
0.4916 0.479 0.480 
1.0515 0.484 0.485 
1.6723 0.505 0.504 
2.0163 0.508 0.509 
2.7833 0.528 0.531 
3.5913 0.544 0.548 
4.3256 0.547 a 
4.9518 0.550 0.557 
4.9880 0.552 — 
6.3476 0.564 — 
6.5660 0.566 0.558 
7.6388 0.576 —- 
Silver perchlorate 
0.1074 0.475 0.486 
0.2348 0.468 0.510 
0.5847 0.464 ~- 
0.9001 0.470 0.518 
1.4230 0.476 0.510 
2.4027 0.522 0.505 
3.0731 0.550 ; 0.475 
4.1797 0.613 —- 





NotE: The results of conductance measurements are contained in 


Table II. 
TABLE II 


Specific and equivalent conductances, densities, and viscosities (relative) of aqueous solutions 
of silver nitrate and of silver perchlorate at 25.00° C 








Concn. in Conen. in kX102 peers Relative 
wt. % Density moles /liter mhos/cm mhos/cm viscosity 





Silver nitrate 


1.680 1.0110 0.1000 1.091 109.1 1.009 - 
7.835 1.0658 0.4916 4.409 89.69 1.033 
15.618 1.1427 1.0515 8.069 76.74 1.078 
23.120 1.2288 1.6723 11.36 67.91" 1.132 
26.702 1.2743 2.0163 12.85 63.74 1.168 
34.265 1.3806 2.7833 15.84 56.90 1.260 
40.978 1.4888 3.5913 18.37 51.15 1.382 
46.237 1.5874 4.3256 20.20 46.69 1.464 
50.333 1.6713 4.9518 21.55 43.43 1.632 
50.557 1.6760 4.9880 21.61 43 .32 1.638 
58.080 1.8566 6.3476 23.70 37 .34 1.942 
59.162 1.8855 6.5660 23.95 36.47 1.990 
64.030 2.0267 7.6388 24.84 32.52 2.264 
68 . 380 2.1713 8.7400 25.23 28 . 87 2.740 
Silver perchlorate 
2.195 1.0144 0.1074 1.182 110.1 1.002 
4.702 1.0353 0.2348 2.453 104.4 1.006 
8.992 1.0733 0.4649 4.562 98.15 1.014 
10.859 1.1164 0.5847 5.611 96 .26 1.021 
16.316 1.1439 0.9001 8.166 90.70 1.044 
24.000 1.2294 1.4230 11.99 84.23 1.070 
31.832 1.3284 2.0394 15.68 76.90 1.142 
35.921 1.3861 2.4027 17.48 72.71 1.194 
42.624 1.4947 3.0731 20.23 65.83 1.302 
46.641 1.5662 3.5231 21.60 61.31 1.399 
51.852 1.6713 4.1797 22.95 54.91 1.571 
61.224 1.8962 5.6000 23.49 41.95 2.134 
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DISCUSSION 


When transference numbers are plotted against concentration the transference number 
of silver ion in silver nitrate is seen to increase continuously from about 0.46 at zero 
concentration to about 0.56 at 7.5 molar, while the transference number of silver ion 
in silver perchlorate starts with a value of about 0.47 at zero concentration, passes 
through a minimum value of 0.46 at about 0.5 molar and then increases continuously 
and rather rapidly to a value of 0.61 at 4.0 molar. The increase in the transference 
number of silver ion in silver nitrate with increasing concentration is in agreement 
with the result of Laity and Duke (6), who found that in molten silver nitrate the cation 
carries three-quarters of the current. The behavior of silver perchlorate points to some 
abnormality in the structure of silver perchlorate solutions, possibly complex anion 
formation. This hypothesis would also account for our inability to obtain agreement 
in the results from anode and cathode for this salt. 

The graph of equivalent conductance versus concentration (Fig. 1) is perfectly normal 
for silver nitrate, i.e. the curve flattens out towards a constant value as saturation is 
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approached and the curve is convex towards the axis of concentration. The curve for 
silver perchlorate, on the other hand, is much less convex to the axis of concentration; 
indeed, the curve becomes actually concave if, instead of concentration, the square root 
of concentration is used as abscissa. This may be connected with our postulated complex 
ion formation. 

As usual, in work proceeding from this laboratory the conductance results have been 
compared with the results calculated from the equations of Wishaw and Stokes and of 
Falkenhagen. The results are given in Table III. The agreement is good up to a con- 
centration greater than 1 M. In order to obtain this correspondence, it has been necessary 
to assume an 4 value of 4.5 (Stokes) and 3.7 (Falkenhagen) for silver perchlorate, as 
against 2.18 and 1.88 for silver nitrate, and this is in harmony with the belief that the 
radius of the perchlorate ion must be greater than that of the nitrate ion. The common 
device of introducing 1 solvent molecule between anion and cation in the ion-pair is 
obviously not applicable to silver nitrate, since 4 is so small, but it might well be done 
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TABLE III : 
Calculated and observed equivalent conductances of silver nitrate and of silver 
perchlorate 
Acale 
Concn. 
moles/liter Aexp (Stokes) (Falkenhagen) 

Silver nitrate 
0.1000 109.1 109.6 (4=2.18A) 109.3 (4 =1.88A) 
0.4916 89.69 90.13 89.68 
1.0515 76.74 76.91 76.80 
1.6723 67.91 67.54 67.85 
2.0163 63.74 63.21 63.70 
2.7833 56.90 54.99 56.00 
3.5913 51.15 47 .52 48 .96 
4.3256 46.69 43.08 44.85 
4.9518 43.43 37 .95 39.38 
4.9880 43.32 37.44 39.18 
6.3476 37.34 29.73 31.83 
6.5660 36.47 28.63 30.90 
7.6388 32.52 24.36 26.56 
8.7400 28 . 87 19.44 21.52 

Silver perchlorate 

0.1074 110.1 109.4 (4=4.5A) 109.5 (4 =3.7A) 
0.2348 104.4 103.5 104.1 
0.4649 98.15 97 .52 98.81 
0.5847 96. 26 95.15 96.52 
0.9001 90.70 90.00 : 92.10 
1.4230 84.23 83.95 87.60 
2.0394 76.90 75.91 80.28 
2.4027 72.91 71.56 76.50 
3.0731 65.83 63.79 69.37 
3.5231 61.31 58.44 64.11 
4.1797 54.91 51.00 56.78 


5.6000 ; 41.95 36.14 41.28 





with silver perchlorate. The fact that agreement between observed and calculated 
results is poorer for silver perchlorate is again in agreement with the assumption of the 
existence of complex anion in the more concentrated solutions of silver perchlorate. 

Despite the contention that the Debye—Hiickel-Onsager concepts cannot apply to 
concentrated solutions, and that therefore the above conductance equations can only 
be considered empirical equations, the fact that the @ values which it is necessary to 
assume for these equations are always in at least qualitative agreement with the sums 
of the crystallographic radii (with a certain allowance for ionic hydration) inclines us 
to believe that there is more than a measure of truth in these equations. Perhaps the 
full story will refer to effects not yet accounted for but the final treatment may be of 
the same form. At least, this is possible. 

It is common practice to express the product of equivalent conductance and viscosity 
as a function of concentration. It is not very obvious why this is done, since there is 
no reason why the product should be constant; it never is and usually passes through 
a minimum. This is the behavior observed here, for both electrolytes. 
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1’,2;3,6;3’,6’- TRIANH YDROSUCROSE!:? 


R. U. LEMIEUX AND J. P. BARRETTE 


ABSTRACT 


The ‘“trianhydrosucrose’’ obtained on treatment of amorphous ‘“‘sucrose tritosylate”’ 
with sodium methoxide was found to be 1’,2;3,6;3’,6’-trianhydrosucrose. 


‘ 


The preparation of two ‘‘trianhydrosucroses” was reported (1) in a previous publica- 
tion. The compound which was obtained on the alkaline alcoholysis of 1’,4,6’-tri-O- 
tosyl sucrose was shown (1) to be 3,6-anhydro-a-p-galactosyl 1,4;3,6-dianhydro-8-p- 
fructoside. The purpose of this communication is to present evidence that 1’,2;3,6;3’,6’- 
trianhydrosucrose (II) is formed on the alkaline alcoholysis of 6,1’,6’-tri-O-tosyl sucrose 
(1). Compound I is a component of the so-called tri-O-tosyl sucrose which is obtained on 
reaction of sucrose with 3 moles of tosyl chloride in pyridine (2, 3, 4). 

The trianhydride (II), m.p. 163-164.5°, [a]p +117°, Ry value = 0.42-0.48 (butanol-— 
water), was extremely sensitive to acid hydrolysis (about 200 times more rapid in 0.01 V 
hydrochloric acid at 25° than sucrose (5), measured polarimetrically). The initial rapid 
hydrolysis led toa reducing (Fehling’s solution) compound (IIT) (R; = 0.32-0.38 (butanol- 
water)), which resisted crystallization. The chromatographically pure compound (II1) 
very rapidly consumed 2 moles of periodate without formation of either formic acid or 
formaldehyde. Since the trianhydride (II) resisted periodate oxidation at pH 7 or higher, 
it was evident that the acid hydrolysis liberated two isolated a-glycol groups. Further- 
more, the lack of formation of formic acid or formaldehyde showed the absence of 
— CHOH—CH,.—OH, —CHOH—CHO, or —CO—CH:,OH groups. Since acid 
hydrolysis of II produced readily only one compound (III), it was apparent that the an- 
hydrization had produced an ether linkage between the glucose and fructose residues. It 
seemed likely that this linkage would be between the 2- and 1’-positions of sucrose, since 
Helferich and Werner (6) have shown that reaction of both the a- and 6-anomers of 2-chloro- 
ethyl-p-glucopyranoside with alkali proceed with participation of the 2-oxygen atom to 
form 1,2-O-ethylene derivatives of D-glucopyranose. 

The compound III was reduced with sodium borohydride to a non-reducing substance 
(IV) (R; = 0.20-0.24 (butanol—water)) which, like III, very rapidly consumed 2 moles 
of periodate. Again no formaldehyde nor formic acid was liberated in the oxidation. 

The acetolysis and subsequent deacetylation of substance IV gave a crystalline dihexitol 
ether (V), m.p. 110—114° (dimorphic), [a]p —12.6 (in water), which on periodate oxida- 
tion produced 2 moles of formaldehyde, 5 moles of formic acid, and an aldehydic residue 
(VI) (7) which was reduced with sodium borohydride to 2-(8-hydroxyethoxy)-1,3- 
propanediol (VII). The identity of VII was proved from its synthesis through periodate 
oxidation and subsequent sodium borohydride reduction of polygallitol (VIII) (1,5- 
anhydro-D-glucitol). These results established the existence of the 1’,2 aliphatic-type 
ether linkage between the anhydrohexopyranose and the anhydroketohexofuranose 
residues of II. 

1Manuscript received August 7, 1959. 

Contribution from the Chemistry Department, University of Ottawa, Ottawa, Cntario. 

2To comprise a portion of a thesis to be submitted by J.P.B. in partial fulfillment of the requirements for the 
Ph.D. degree. 
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The infrared spectrum of II gave no indication of unsaturation and the absence of 
epoxide ring was indicated by the substance’s resistance to prolonged treatment both 
with 25% alkali and hydrazine at 100°. The ditosylate of II, m.p. 164.5-166° (decomp.), 
was unaffected by either sodium iodide in acetone or hydrazine at 100°. It could 
then be concluded that neither of the two free hydroxyl groups in II] were at the 6- or 
6’-position (2). 

The extremely rapid pericdate consumption by compounds III and IV (90% uptake, 
2 minutes in 0.025 M scdium metaperiodate at 0°) was clearly indicative of cis-a-glycols 
(8, 9) situated on five-membered rings. Consequently, these results require structures 
11] and IV to possess free cis-glycol groups at the 4,5- and 4’,5’-positions. Compound 
111 showed no absorption in the infrared characteristic of carbonyl groups. It seems 
probable that the carbonyls were masked through the formation of a hydrate as shown 
in the formula for III. 

The results require that both the glucose and fructose residues of II possess 3,6- 
anhydro rings. In view of these rings, the fact that the configurations at the 5- and 5’- 
positions were in all likelihood not affected in the formation of II, and the fact that the 
4- and 4’-hydroxyl groups are in cis-relationship to the 5- and 5’-oxygens, respectively, 
it can be concluded that configurations at the positions 3, 4, 5, 3’, 4’, and 5’ in II are the 
same as in sucrose. Although methyl 3,6-anhydro-a-D-glucopyranoside is known readily 
to undergo both a@-to-8 anomerization (10) and pyranoside-to-furanoside ring contraction 
(10) under acid conditions, there can be no doubt that such isomerizations would not 
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occur under the alkaline conditions used to prepare the trianhydride II. Therefore, only 
the configuration at the 2-position of the glucose residue was reasonably in need of 
verification. Information on this point of structure was provided by the nuclear magnetic 
resonance spectrum for the di-O-acetyl derivative of II. Our experience with the nuclear 
magnetic resonance spectra of sugar derivatives (11) enables us to assign the doublet of 
total intensity 1 at 76.9 and 79.5 c.p.s. (60 Mc/s) (the lowest field signal in the spectrum) 
to the anomeric hydrogen of the glucose residue. The spacing for the doublet was found 
to be 2.9+0.1 c.p.s. both at 40 Mc/s and 60 Mc/s. This requires that the spacing repre- 
sents a true spin-spin coupling constant. The magnitude of the coupling is that character- 
istic for two neighboring hydrogens in gauche or skewed relationship (11). In view of 
the 3,6-anhydro ring, the glucose residue must reside in that conformation which possesses 
the anomeric hydrogen in axial orientation. It follows, therefore, that the 2-hydrogen is 
in equatorial orientation since if it were in axial orientation, the coupling with the anomeric 
hydrogen would have been two to three times stronger (11) than that observed. It follows 
that the sucrose trianhydride (Il) possesses the configuration of sucrose and must have 
formed from 6,1’,6’-tri-O-tosyl sucrose (I). All attempts to obtain 4-O-methyl-p-hexose 
by acetolysis of the methyl ether of the trianhydride (II) met with failure because 
of the high resistance of the 1’,2 ether linkage to acetolyzing reagents. 

It is of interest to note that titration of the solution obtained on the periodate oxidation 
of III suggested that 1 mole of acid was liberated in the periodate oxidation. However, no 
formic acid could be detected in the mixture. The details of the effort to characterize 
the formic acid are reported since they provide a convenient method for the estimation 
of formic acid and formaldehyde produced in periodate oxidations. Our results render 
obvious the need for the application of such a technique in experiments designed to 
elucidate points of structure in carbohydrates through a measure of the formic acid 
produced in a periodate oxidation. 


EXPERIMENTAL 


All melting points are uncorrected. The rotations were measured at room temperature, 
20-25°, using the p-line of sodium. Infrared spectra were obtained with a Perkin-Elmer 
single beam double pass instrument. Optical densities for colorimetric determinations 
were obtained from a Coleman Junior spectrophotometer. Microanalysis for carbon and 
hydrogen were carried out by Geller Laboratories, West Englewood, N.J. The n.m.r. 
spectra were measured with Varian Associates’ high resolution spectrometers and the 
chemical shifts are from the signal for chloroform as an internal standard. 


Acid Hydrolysis of 11 

1’,2;3,6;3’,6’-Trianhydrosucrose (II) (1), 53 mg, m.p. 163-164.5°, [alp +117° (c, 0.92 
in chloroform), was dissolved in 5 ml of 0.01 N hydrochloric acid at 25°. The change in 
rotation of this solution was observed at intervals and the rotation became constant 
after 8 hours. The final specific rotation, based on the concentration of II at the start 
of the hydrolysis was +87.0 (c, 1.063 in 0.04 N HCl). Sucrose in 0.05 N hydrochloric 
acid at 25° requires about 1600 hours (6) for 99.99% inversion. 

The solution was deionized by percolating through a small column of Dowex 1X8 
anion exchange resin (quaternary ammonium type) and evaporated in vacuo to a syrup 
(54.6 mg). Paper chromatography (butanol—water) of this syrupy product showed only 
one major component, R; = 0.36, when examined with aniline phthalate spray reagent 
(12). A faint streak appeared from the origin to Ry = 0.45. The material was chromato- 
graphed on a 25-g Celite column in the manner described by Lemieux, Bishop, and 
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Pelletier (13). The main band was obtained in 39.1 mg yield, [a]p +87 (c = 0.69 in 
water), Ry value 0.36 (butanol—water), and reduced Fehling’s solution. The chromato- 
graphically pure compound (III) resisted crystallization. Periodate oxidation of III 
in 0.025 N sodium metaperiodate at 0° consumed 1.73, 1.85, 1.88, 1.90, and 1.92 moles 
of the oxidant per mole, after 2, 10, 60, 120, and 720 minutes. Titration of the reaction 
mixture, after destroying the excess periodate with ethylene glycol, suggested the for- 
mation of 1 mole of carboxylic acid per mole of III oxidized. However, no formic acid 
or formaldehyde could be detected using the following procedures. 

A weighed sample of the compound, ca. 0.05 mmole, is dissolved in 2 ml of 0.2 M 
sodium metaperiodate and left to oxidize for the required time. When the oxidation has 
progressed to the desired extent, the oxidation mixture is quantitatively transferred 
into the ‘“‘microvacuum distillation” apparatus described by Grant (14), and the solution 
is frozen in an acetone — dry ice mixture. The apparatus is then evacuated to less than 
1mm. The arm of the apparatus which contains the frozen reaction mixture is then 
removed from the freezing mixture and the other arm is kept in the freezing mixture 
until all the volatile components have sublimed to the cold portion of the apparatus. The 
distillate, after thawing, is quantitatively transferred to a 25-ml volumetric flask and 
aliquots are titrated with standard 0.01 N sodium hydroxide to estimate the total amount 
of acid present in the distillate. The acid can be conveniently characterized by converting 
a suitable aliquot to sodium salt, 1-2. mg, and dissolving the salt in 4 ml of 10% aqueous 
potassium bromide, freeze-drying, and pressing the residue into a window in the usual 
manner (15). The formaldehyde content is conveniently determined using the chromo- 
tropic acid reagent (16). 


Compound IV 


The trianhydride (II), 100 mg, was hydrolyzed in 0.001 N hydrochloric acid to constant 
rotation in order to obtain crude compound III. The solution was neutralized with 
0.05 N sodium hydroxide and then treated with a twofold excess of sodium borohydride 
at 0° for 36 hours. The excess sodium borohydride was destroyed with acetic acid and 
the resulting solution was evaporated in vacuo to dryness. The dry residue was acetylated 
using 5 ml acetic anhydride, and 5 ml pyridine. The acetylated product, 92.4 mg, was 
isolated in the usual manner and deacetylated in dry methanol, 10 ml, saturated at 0° 
with ammonia. Paper chromatography of the crude product (IV),°60 mg, indicated a 
main component with R; value = 0.26 (butanol—water). There was a faint streak from 
the origin to Ry = 0.28. This syrupy product was chromatographed on a 25-g column of 
Celite in the usual manner (13). The resulting product (IV) did not reduce Fehling’s 
solution and failed to crystallize. Periodate oxidation of IV in 0.025 N sodium meta- 
periodate at 0° consumed 1.8, 1.85, 1.91, 1.95, and 1.96 moles of the oxidant per mole 
after 2, 15, 30, 60, 120, and 720 minutes. No formic acid nor formaldehyde was produced 
in this oxidation. 

Periodate oxidation of erythritan (8), (1,4-anhydroerythritol) in 0.025 N sodium 
metaperiodate at 0° consumed 0.95, 0.97, 0.99, 0.99, 0.99, and 0.99 mole of the oxidant 
per mole after 2, 5, 10, 30, 60, and 120 minutes. However, oxidation of threitan (8) 
(1,4-anhydrothreitol) in 0.025 N sodium metaperiodate at 0° consumed 0.135, 0.153, 


0.168, 0.210, 0.434, 0.930, and 0.99 mole of the oxidant after 2, 5, 15, 70 minutes and 2.5, 
11, and 22 hours. 


Dthexitol Ether V 


The crude acetyl derivative of IV, 96 mg (prepared as described above from a 100 mg 
of the trianhydride (I1)), was treated with acetic anhydride, 1 ml, and concentrated 
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sulphuric acid, 0.08 ml, at 0° for 3 days. The resulting acetolysis products were isolated 
in the usual manner and deacetylated by percolating through a column of Dowex 1X8 
anion exchange resin to yield 63.8 mg of syrupy polyol. This was chromatographed on a 
25-g Celite column (butanol—water) (13). The main band, R; = 0.24, gave 39.7 mg of 
crystalline dihexitol ether (V), m.p. 105-109°. After two recrystallizations from ethanol 
the melting point was 110—-114° (dimorphic), [a]7°> — 12.6° (c, 0.48 in water). The periodate 
oxidation of V produced 5 moles of formic acid and 2 moles of formaldehyde per mole, 
based on the assumption that the compound corresponds to structure V and using the 
above described lyophilization procedure. The elementary analyses were unsatisfactory, 
probably because of solvent of crystallization. The following experiment together with 
the periodate oxidation can leave no doubt as to the structure of V. 


2-(8-Hydroxyethoxy)-1,3-propanediol (VII) 

The dihexitol ether (V), 20.2 mg, was dissolved in 2 ml of 0.11 M sodium metaperiodate 
and left to oxidize to a final rotation of 0°. Excess sodium borohydride, 250 mg, was 
added to reduce the oxidation products (VI) and the solution was left for 18 hours before 
acidification with acetic acid to destroy the excess sodium borohydride. The resulting 
solution was evaporated in vacuo to a dry cake, which was acetylated with acetic an- 
hydride in pyridine in the usual manner to yield 12.1 mg of syrupy acetate. This syrupy 
acetate was distilled at a bath temperature of 125-135° and 0.3 mm pressure to yield 
8.2 mg of yellowish syrup. The infrared spectrum of this syrupy acetate was almost 
identical with that of 2-(@-hydroxyethoxy)-1,3-propanediol triacetate prepared by an 
identical treatment of polygallitol (VIII) (1,5-anhydrosorbitol). The syrupy triacetate 
was then deacetylated in absolute methanol, 3 ml, saturated with ammonia. The resulting 
syrupy triol was chromatographed on Celite in the usual manner (13). The main product, 
2-(6-hydroxyethoxy)-1,3-propanediol (VII), had the same R; = 0.48 (butanol—water) and 
identical infrared spectrum as the authentic specimen prepared in similar manner from 
polygallitol. Reacetylation of VII, produced a substance with a spectrum identical with 
that of the authentic triacetate prepared from polygallitol. 


Stability of Trianhydrosucrose (11) and its Ditosylate Derivative toward Nucleophilic 
Reagents 
Substance II remained unchanged when heated at 100° in 25% potassium hydroxide 
for 24 hours as well as in 85% hydrazine at 100° for 36 hours. Similarly the ditosylate 
of II, m.p. 164.5-166°, when heated to 100° with sodium iodide in acetone or with hydra- 
zine in sealed tubes for 24 hours, remained unchanged. 


4,4'-Di-O-methyl-1' ,2;3,6;3' ,6’-trianhydrosucrose 

The trianhydride (II), 200 mg, was methylated using the procedure described in a 
previous communication (1), to yield 147 mg of di-O-methyl trianhydrosucrose, m.p. 
179-181°, [a]?* + 140° (c, 1.9 in chloroform). Anal: Calc. for C14H 290s: methoxyl, 19.62%. 
Found: methoxyl, 19.78, 20.05%. 
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VOLUCRISPORIN 
ISOLATION, STRUCTURE, AND SYNTHESIS OF THE METHYL ETHER! 


P. V. DiveKar,? G. Reap,’ L. C. Vininc, AND R. H. HASKINS 


ABSTRACT 


A new pigment, volucrisporin, has been isolated from shaken cultures of the Hyphomycete 
Volucrispora aurantiaca Haskins, and characterized as 2,5-(m-hydroxyphenyl)-1,4-benzo- 
quinone. The structure has been confirmed by synthesis of the dimethyl ether. 


Volucrispora aurantiaca Haskins (1), a new genus and species of Hyphomycete, 
produces a red pigment which has been named ‘“‘volucrisporin’”’ (2). This represents 
approximately two per cent of the dry weight of mycelia from cultures grown in shaken 
flasks in a suitable liquid medium and could be readily obtained by hot extraction of 
the dried culture solids with acetone. Subsequent crystallization from pyridine afforded 
the pigment as red rhombic plates. Preliminary defatting with petroleum ether yielded 
a product which was shown to contain ergosterol in the non-saponifiable fraction. 

Elemental analyses of the pigment together with analyses and molecular weight 
estimations on derivatives indicated a molecular formula C,sH1.04. Neither C-methyl 
nor O-methyl groups were present. A quinone group in the substance was considered 
likely since reduction with zinc and acetic acid gave a colorless unstable dihydro com- 
pound which could be readily reoxidized to the original pigment with chromic acid in 
acetic acid. Acetylation of volucrisporin gave a yellow diacetate and reductive acety- 
lation of this derivative or of the original pigment yielded a colorless dihydrotetra- 
acetate. With methyl iodide and silver oxide a yellow dimethyl ether was obtained. 
These results provided further evidence for the presence of a quinone group and indicated 
that both remaining oxygen atoms were present as hydroxyls. 

Distillation of volucrisporin with zinc dust yielded p-terphenyl, thus establishing the 
carbon skeleton of the pigment. The ultraviolet absorption spectrum of the leucoacetate 
was similar to those of acetoxylated p-terphenyls (3, 4), and the position of the single 
‘ absorption maximum at 258.5 my was consistent with a terphenyl quinone structure 
containing no further substituents in either the central quinone ring or in the ortho 
positions of the phenyl rings. From the lack of solubility of volucrisporin in sodium 
carbonate, failure to react with diazomethane, and negative tests for chelation with 
ferric chloride or lead acetate, it was evident that the quinone ring did not contain a 
vinylogous acid group. 

Oxidation of volucrisporin with alkaline peroxide yielded m-hydroxybenzoic acid, 
which was shown by paper chromatography to be the only hydroxybenzoic acid formed. 
Structure (I, R = H) was therefore assigned to the pigment. 

1\Manuscript received August 26, 1959. 
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— Halifax, N.S., May 26, 1959. A summary of the results has also appeared in Chem. & Ind. 731 
ac Research Council of Canada Postdoctorate Fellow, 1957-59. 
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The infrared spectrum of the dimethyl ether in potassium bromide showed the carbonyl 
maximum at 1649 cm! (s) expected for a 2,5-disubstituted p-benzoquinone (5). In the 
pigment itself intermolecular hydrogen bonding was evident, since the carbonyl! region 
showed a split peak at 1630 (s) and 1637 (s) cm™ and the hydroxyl absorption occurred 
at 3280 cm (s). 

Unsuccessful attempts were made to synthesize the dimethyl ether of volucrisporin 
by a single-step arylation of p-benzoquinone with 2 moles of diazotized m-anisidine. Failure 
was attributed to the instability of the diazonium salt, particularly in the organic 
solvents which it was necessary to use to overcome the low solubility of the intermediate 
monosubstituted quinone. In aqueous solution (6) the diazonium salt of m-anisidine was 
sufficiently stable to give the 2-(m-methoxypheny])-1,4-benzoquinone in a yield of 37%, 
but attempts to introduce the second ary] ring into the quinone again met with difficulty. 
Paper chromatographic examination of the products from reactions carried out under a 
variety of conditions established that in aqueous acetone at low temperature, as recom- 
mended by Brassard and L’Ecuyer (7), detectable amounts of a material with the 
desired R; value were formed. Chromatography failed to separate this completely from 
other reaction products but a fraction was isolated which contained the compound 
contaminated only with a large amount of unreacted monoaryl derivative. The starting 
material was removed by sublimation leaving a product which, after purification, was 
indistinguishable from the dimethyl ether of volucrisporin (I, R = CHs). 
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Volucrisporin is the first terphenyl quinone to be found in a hyphomycetous fungus, 
and differs from those isolated from Basidiomycetes and lichens (8) in the absence of 
hydroxyl groups on the quinone ring and in the unusual metasubstitution of the outer 
rings. It is accompanied in the mold by the leuco form (II, R = H) which was occasion- 
ally found to crystallize from the pyridine mother liquors after the separation of volu- 
crisporin. The occurrence of atromentin in both oxidized and reduced forms has already 
been noted in Paxillus atrotomentosus (Batsch) Fr. (9), and the substituted quinols of 
aurantiacin (10) and leucomelone (11) occur with the corresponding quinones in Hydnum 
aurantiacum Batsch and Polyporus leucomelas Pers. ex Fr., respectively. 

Derivatives of meta-hydroxybenzoic acid are rare in nature and, to the authors’ 
knowledge, have been found only in the beaver castor (12), the urine of animals (13, 14), 
and recently in cultures of Penicillium griseofuluum Dierckx (15). Their appearance in 
urine was associated with the administration of 3,4-dihydroxyphenyl derivatives and 
was suggested to result from removal of the p-hydroxy group (16), a mechanism which 
may also be of significance in the biosynthesis of volucrisporin. 
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Solutions of volucrisporin in dilute aqueous sodium hydroxide are very unstable and 
when neutralized after only a few minutes yield a mixture of products. One of these 
has been isolated and appears to be 3-hydroxy-2,5-(m-hydroxypheny])-1,4-benzoquinone. 
This ease of hydroxylation emphasizes the need for caution when isolating quinones, 
particularly terphenylquinones, by treatment of the fungus or crude extracts with 
sodium hydroxide solution (9). 


EXPERIMENTAL 
Medium 

The medium used for production runs consisted of distilled water 2000 ml, soil extract 
200 ml, peptone 10 g, soluble starch 2 g, and glucose 100 g. The soil extract incorporated 
in the medium was prepared in the following manner. A beaker, two-thirds full of garden 
soil, was filled with tap water. The contents were stirred well and the mixture was 
autoclaved for an hour at 15 lb per square inch pressure. On cooling, the liquid was 
decanted, mixed with Celite, and filtered. 

The medium was dispensed in 25-ml aliquots into 250-ml conical flasks which were 
then plugged and sterilized in the usual manner. While the medium is obviously not a 
precise one, its use resulted in yields exceeding those obtained from a number of others 
tested. 


Inoculation 

The initial inoculum was prepared by blending in sterile distilled water in Waring 
blendors several 3-week-old cultures of Volucrispora aurantiaca Haskins growing on 
Difco potato dextrose agar. Inoculum was added to the growth medium at the rate 
of 5% volume for volume, and the inoculated flasks were shaken for 6 days at 28° C 
on a rotary shaker operating at 220 r.p.m. describing a radius of motion of 1 inch. The 
organism also grew well in stirred aerated tank fermentors, but under the conditions 
tested, the growing mycelium collected in the foam at the surface of the liquid and 
yields of the pigment were considerably less than in shake flasks. 

Subsequently the inoculum was prepared by blending 6-day-old shake flask cultures 
from production runs with an equal volume of sterile, distilled water. By always selecting 
flasks showing the greatest pigment production for use as inoculum, yields of pigment 
have been increased considerably. 

Isolation of Volucrisporin 

At the end of 6 days’ incubation, the cultures were bulked and filtered. The orange- 
colored mycelium obtained by filtration was freeze-dried and pulverized in a Wiley 
mill. 

In a typical isolation procedure, the pulverized mycelium (40g obtained from 270 
flasks), packed in a hot extractor, was defatted (16 hours) with petroleum ether (35- 
50° C), and then extracted (6 hours) with ether, which removed a small quantity of 
colored impurities. The bulk of the pigment was subsequently extracted from the 
mycelium with acetone (40 hours), the mycelium becoming practically colorless. 

The acetone extracts (350 ml), on concentration im vacuo to about 50 ml and cooling, 
deposited an amorphous brick-red precipitate (2.1 g). This was crystallized twice from 
pyridine to give volucrisporin as rhombic plates (0.85 g) which did not melt below 
300° C. Found: C, 74.3%; H, 4.1%; active H (Zerewitinoff), 0.57%; no N, methoxyl, 
or C-methyl. Calculated for CisH1204: C, 74.0%; H, 4.1%; two active H, 0.68%. Ultra- 
violet maxima in dioxane at 281.5 and 329 my, inflexions at 234 and 377 muy; log e 4.00, 
3.90, 4.47, and 3.45, respectively. Infrared maxima (KBr disk) at 3280 (s), 1637 (s), 
1630 (shoulder, s), 1590 (s), 882 (s), 790 (s), 727 (m), and 683 (s) cm. 
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Volucrisporin is sparingly soluble or insoluble in most common organic solvents with 
the exception of pyridine or dioxane. It is insoluble in cold sodium carbonate solution 
but dissolves readily in dilute sodium hydroxide giving a purple color. 


Isolation of Ergosterol 

The petroleum ether extract of the mycelium was evaporated to dryness. A portion 
of the dried extract (1 g) was boiled for 3 hours with 100 ml of 10% methanolic potash, 
the reaction mixture concentrated, diluted with water, and extracted with two 50-ml 
portions of ether. The crystals obtained by evaporation of the ethereal extract were 
washed with petroleum ether and crystallized from ethanol to give colorless plates 
(20 mg), m.p. 160-162°C, undepressed on admixture with an authentic sample of 
ergosterol. The color reaction with the Liebermann—Burchard reagent and wavelengths 
of the ultraviolet absorption maxima were also identical with those of ergosterol. 


Leucovolucrisporin 

(i) When the mother liquors of the initial crystallization of volucrisporin were allowed 
to evaporate slowly, a crop of colorless needles was obtained. These were recrystallized 
from pyridine to give a product m.p. 253-255° C which was stable as a solid but slowly 
converted in solutions exposed to air to volucrisporin. Found: C, 73.2%; H, 5.0%. 
Calculated for CigsHisO4: C, 73.5%; H, 4.8%. 

(it) Volucrisporin (30 mg) was boiled for 20 minutes with 3 ml of glacial acetic acid 
and zinc dust when the pigment slowly dissolved giving a colorless solution. This was 
filtered and poured into ice water. The precipitate was collected and crystallized from 
pyridine as colorless needles (20 mg), m.p. 253-255° C, undepressed on admixture with 
a sample of leucovolucrisporin isolated from V. aurantiaca. Found: C, 73.2%; H, 4.8%. 

The dihydro compound was reoxidized to volucrisporin by brief warming with CrO; 
in glacial acetic acid. 


Volucrisporin Diacetate 

A mixture of volucrisporin (50 mg) and acetic anhydride (3 ml) was boiled for 15 
minutes, when a clear solution resulted. When the mixture was cooled, yellow crystals 
were obtained. They were filtered and recrystallized from glacial acetic acid as glistening 
yellow needles (45 mg), m.p. 223° C, insoluble in sodium hydroxide. Found: C, 70.3%; 
H, 4.5%; CH;CO, 24.0%; mol. wt. (Rast), 312. Calculated for Co2H:O¢: C, 70.2%; 
H, 4.3%; 2CH;CO, 22.8%; mol. wt., 376. Ultraviolet absorption in dioxane shows. 
Amax 236 and 330 my; log e 4.51 and 3.99, respectively. 

When the compound was hydrolyzed by boiling for 2 hours with methanol containing 
a drop of concentrated sulphuric acid, volucrisporin was obtained. 


Dihydrovolucrisporin Tetraacetate 

Volucrisporin (50 mg) was boiled for } hour with acetic anhydride (3 ml) and zinc 
dust giving a colorless solution which was filtered and poured into ice water. The pre- 
cipitate was collected and crystallized from methanol as colorless plates (40 mg), m.p. 
161—162° C, showing bright green fluorescence under ultraviolet light. Found: C, 67.4%; 
H, 5.1%; CH;CO, 35.9%; mol. wt. (Rast), 438. Calculated for CogH22Os: C, 67.5%; 
H, 4.8%; 4CH;CO, 37.2%; mol. wt., 462. Ultraviolet absorption maximum in dioxane 
at 258.5 mu; log e« 4.42. 


Volucrisporin Dimethyl Ether 
A mixture of volucrisporin (60 mg), methyl iodide (4 ml), and silver oxide (500 mg) 
was refluxed for 2 hours. The resulting orange solution was filtered and evaporated to 
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dryness. The crude product thus obtained was crystallized twice from glacial acetic 
acid as glistening orange cubes (40 mg), m.p. 172-174° C. The analytical sample was 
sublimed in high vacuum at 120° C. Found: C, 75.0%; H, 5.8%; OCHs, 18.3%. Calcu- 
lated for CooH1e04: C, 75.0%; H, 5.0%; 2O0CHs, 19.4%. Ultraviolet absorption in ether 
shows Amax at 279 and 326, Aine: at 235 and 371 mu; log e 4.22, 4.16, 4.82, and 3.72, 
respectively. Infrared maxima (KBr disk) at 1649 (s), 1580 (s), 871 (s), 860 (s), 809 (s), 
778 (s), 730 (m), and 688 (s) cm™. 


Zinc Dust Distillation 

Volucrisporin (100 mg) was mixed intimately with zinc dust (6g) and the mixture 
divided into 10 parts. Each was distilled in an open test tube and the distillates collected 
and crystallized from glacial acetic acid as colorless plates (10 mg). This product was 
purified by repeated sublimation in high vacuum at 120°C to give p-terphenyl, m.p. 
209° C, undepressed on admixture with an authentic sample. Found: C, 93.4%; H, 
6.4%. Calculated for CisHis: C, 93.9%; H, 6.1%. Ultraviolet absorption spectrum in 
ether showed Amax 277 my, log ¢ 4.44, and was identical with that of an authentic sample 
of p-terphenyl. The infrared spectrum of the product was also identical with that given 
by p-terphenyl. 


Alkaline Peroxide Oxidation 

Three per cent hydrogen peroxide (1.5 ml; 7.3 moles) was added to a solution of 
volucrisporin (50 mg) in 0.1 NV NaOH (10 ml). After 14 hours at room temperature in 
the dark the solution was neutralized with 1 N HCl and excess hydrogen peroxide 
decomposed with a small amount of palladized charcoal. An aliquot was spotted onto 
paper (Whatman No. 1) together with samples of the monohydroxybenzoic acids and 
the chromatogram developed in i-propanol — concentrated NH,OH — water (8:1:1) (17). 
After the paper was dried and sprayed with diazotized p-nitraniline (18), the principal 
spot from the reaction mixture was found to correspond in R, value (0.45) and color 
to that of m-hydroxybenzoic acid. Of the minor spots present, none corresponded to 
o- or p-hydroxybenzoic acids. 

The aqueous solution was evaporated to dryness and the product (9.2 mg) sublimed 
directly from the mixture at 110-120°C/0.05 mm. Resublimed material melted at 
199-201° C. Found: C, 60.9%; H, 4.6%. Calculated for C;H,O;: C, 60.9%; H, 4.4%. 
The compound was indistinguishable from a sample of m-hydroxybenzoic acid in ultra- 
violet and infrared spectra and the melting point, on admixture with an authentic 
sample, was undepressed. 


Sodium Hydroxide Treatment 

Volucrisporin (100 mg) was dissolved in normal sodium hydroxide (5 ml) and the 
dark purplish solution filtered, neutralized with normal hydrochloric acid (5 ml), and 
extracted with ether until the aqueous layer became colorless. The reddish brown ethereal 
solution was extracted three times with 5% NaHCO;. The purple bicarbonate extract 
was acidified with hydrochloric acid and left overnight in the refrigerator. The precipitate 
was filtered, dried, and crystallized three times from aqueous methanol as small reddish 
brown plates, (42 mg), m.p. 294-296° C. Found: C, 69.8%; H, 3.5%. Calculated for 
CisH120s;: 2 70.1%; H, 3.9%. 

An alcoholic solution of the compound gave a light green color with alcoholic FeCl. 
Distillation with zinc dust yielded p-terphenyl. The leucoacetate, prepared by boiling 
with zinc and acetic anhydride, crystallized from aqueous methanol as colorless needles, 
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m.p. 78° C. Found: C, 65.0%; H, 4.9%. Calculated for C2sH2sO.o: C, 64.6%; H, 4.7%. 
Attempts to crystallize the bicarbonate-insoluble fraction which was obtained by 
evaporation of the ethereal layer failed. 


2-(m-Methoxyphenyl)-1 ,4-benzoquinone 

m-Anisidine (12.3 g), prepared by the method of Meldola and Stephens (19) and 
dissolved in concentrated hydrochloric acid (25 ml) and water (50 ml), was diazotized 
at 0° C by dropwise addition, under vigorous stirring, of a solution of sodium nitrite 
(7.0 g) in water (25 ml). This solution was then added at 10°C to a well-stirred sus- 
pension of p-benzoquinone (13 g) in water (1 liter) containing sodium acetate (18 g). 
After 1 hour the temperature was allowed to rise slowly to ambient, and after all evolution 
of nitrogen had ceased (approximately 4 hours), the residue was filtered off, washed 
well with water, and dried. (Yield of crude product, 17.4 g.) This was extracted in a 
Soxhlet with petroleum ether (b.p. 30—-60° C) and, after cooling, the supernatant solution 
was decanted onto a short column (4cm X 8 cm) of activated alumina. The partially 
crystalline residue was dissolved in benzene and applied to the same column. Elution 
of the yellow product was continued with fresh benzene until impurities giving a dark 
red zone reached the bottom of the column. The eluate was then evaporated to dryness 
and the residual solid crystallized from acetone as yellow needles, m.p. 115-115.5° C. 
Concentration of the mother liquor to half volume yielded a second crop of crystals 
of the same melting point. (Total yield, 9.3 g = 37%.) Found: C, 73.0%; H, 4.8%; 
OCHs, 14.0%. Calculated for Ci3HiO3: C, 72.9%; H, 4.7%; 1OCHs3, 14.5%. Ultraviolet 
spectrum in ether shows Amax 273 and 362, Aine: at 230 and 303 my; log ¢ 3.64, 3.27, 
4.17, and 3.14, respectively. Infrared spectrum (KBr disk) shows maxima at 1650 (s), 
1593 (s), 1575 (s), 873 (s), 837 (m), 769 (s), and 687 (s) cm7. 


2,5-Bis-(m-methoxy phenyl) -1,4-benzoquinone 

2-(m-Methoxypheny]l)-1,4-benzoquinone (2.72 g) in acetone (85 ml) cooled to —5° C 
was poured into a well-stirred solution of m-anisidine (1.75 g) in concentrated hydro- 
chloric acid (3.5 ml) and water (7.5 ml) which had been diazotized as above with a 
solution of sodium nitrite (1 g) in water (4.5 ml). Stirring was continued and the reaction 
mixture kept at —8° C during the addition of sodium acetate (3.5 g) in 10 equal portions 
over a period of 20 minutes. Water (10 ml) was then added to avoid a separation into 
two phases and the mixture allowed to warm up very slowly to room temperature. After 
all evolution of nitrogen had ceased, the reaction mixture was diluted with water and 
extracted several times with benzene. The benzene solution was evaporated to dryness 
and applied in chloroform to a column (4.5cm X 30cm) of silicic acid (Mallinckrodt 
2847). Development with chloroform eventually eluted a bright red zone which was 
shown, by circular paper chromatography using formamide impregnated Whatman No. 1 
filter disks (32 cm diameter) and petroleum ether (b.p. 100—120° C) as mobile phase, to 
contain a mixture of the desired product (R; 0.70) together with unreacted mono- 
substituted benzoquinone (R;, 0.45). This fraction was concentrated to dryness and the 
residue (1.29 g) sublimed for 12 hours at 80° C in high vacuum. The unsublimed residue 
(0.36 g) was washed with benzene and crystallized from glacial acetic acid and then 
chloroform — carbon tetrachloride (1:2) to give yellow needles (99 mg), m.p. 175-176° C. 
Mixed melting point with dimethylvolucrisporin 173-174.5° C. Found: C, 75.0%; H, 
5.1%; OCHs3, 18.9%. The ultraviolet and infrared spectra were identical with those 
of the dimethyl ether prepared from the natural pigment. 
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LIGHT ABSORPTION STUDIES 
PART XVI. THE ULTRAVIOLET ABSORPTION SPECTRA OF FLUOROBENZENES'! 


W. F. ForBeEs? 


ABSTRACT 


The ultraviolet absorption spectra of a series of fluorobenzenes are determined. It is found 
that as a first approximation a fluoro substituent does not appreciably affect the benzenoid 
absorption. The spectra are discussed on the assumption that the mesomeric effect of the 
fluorine atom is small. 


INTRODUCTION 


It has previously been noted in studies of the ultraviolet absorption spectra of a 
number of p-substituted halobenzenes that the implied order of the over-all electron 
release for the halogens is I (greatest release) > Br > Cl > F (1, 2, 3, 4, 5). This order 
is difficult to reconcile with the currently accepted order of the relevant mesomeric 
effects, which is F > Cl > Br > I (cf. refs. 1, 3 and see also Ingold, C. K. Structure 
and mechanism in organic chemistry. Cornell Univ. Press, Ithaca, New York. 1953. 
p. 75). One attempt to reconcile the conflicting orders has been made by Burawoy, 
Schubert, and co-workers (1, 2, 3), who do not use the concept of the mesomeric effect 
but instead interpret the spectra in terms of what is known as an inductomeric effect. 
The order of the inductomeric effect is I > Br > Cl > F and in this way the spectral 
results are not at variance with the conclusions deduced from reactivity measurements, 
which suggest the reverse order for the mesomeric interactions. 

In our own studies, on the other hand, it was found helpful to correlate spectral changes 
in the main ultraviolet absorption band primarily with mesomeric and steric effects. 
Mesomeric effects were defined in general terms as associated with electron mobility 
acting along systems of conjugated bonds, and classical resonance structures were found 
to account satisfactorily for a large number of the spectral changes. For example, the 
spectral changes for a number of disubstituted benzene derivatives are consistently 
greatest in the p-isomers. Two difficulties became apparent in our approach. First, it 
was found necessary to postulate that frequently, for steric or other reasons, absorption 
spectra are determined by what have been termed locally excited states. For example, 
the main absorption band of phenol has been interpreted as being caused predominantly 
by locally excited states involving only the benzene ring, with the hydroxy group exerting 
merely a secondary effect (6). Secondly, it was found necessary to postulate that the 
mesomeric effect of the halogen atoms is in the order I > Br > Cl > F, that is, not in 
the order generally accepted. This implies that the activated complexes involved in the 
chemical reactions (cf., for example, ref. 7 and references cited there), which differ from 
the excited states involved in electronic absorption spectra, are also affected in a different 
manner by the halogen atoms. This hypothesis is evidently not entirely satisfactory but 
it is preferred since at least it provides a consistent explanation of a variety of different 
spectral effects. The purpose of the present paper is to show how the spectra of fluoro- 
benzenes can be interpreted on the basis of our general hypotheses. 
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THE SPECTRUM OF FLUOROBENZENE 
The spectra of fluorobenzene in different solvents are listed in Table I. 


TABLE I 
Absorption maxima of fluorobenzene in various solvents* 














B-Bandf,§ C-Bandft 
Solvent Amax(Mp) €max Amax( Mp) €max 
Vapor phase 206 t (247 t 
}253 
| 259 
(265 
Cyclohexane 204 ca. 8000 (248 450 
}254 850 
259 1300 
\266 1150 
Ether 207 ca. 3000 (248 250 
}253 450 
| 259 750 
(265 750 
Ethanol 204 ca. 8000 (248 600 
}254 1000 
| 259 1300 
(266 1200 
Water 202 ca. 3000 (248 150 
) 253 275 
| 258 390 
(265 300 





*Values in italics represent inflections in this and the subsequent table. 

+For band nomenclature used, see previous parts of this series of papers. 

tIntensities not determined. 

§See ‘‘Experimental” concerning the accuracy of maximal wavelengths below 210 mu. 


The similarity of the C-bands for fluorobenzene and benzene in inert media has pre- 
viously been noted (8), and Fig. 1 now records both B- and C-bands as also the B- and 
C-bands of iodobenzene. 

Table I shows that the B-band location of fluorobenzene is not appreciably affected 
by solvent changes. Figure 1 indicates that any effect which the fluorine atom has on 
the benzene spectrum is less than the effect of the other halogens since the latter all 
cause appreciable spectral changes particularly on the B-band as illustrated, for example, 
by the spectrum of iodobenzene. The small wavelength displacement caused by the 
fluorine atom on the benzene B-band (ca. 2 mu) is ascribed to secondary interaction 
(cf. ref. 6), and this displacement is similar to the effect which the fluorine atom has on a 
number of other benzenoid spectra in the absence of appreciable mesomeric interaction 
(see next sections). Both B- and C-bands of fluorobenzene appear to be less intense in 
ether or aqueous solutions. 


THE SPECTRA OF PARASUBSTITUTED FLUOROBENZENES 


The spectra of substituted fluorobenzenes are listed in Table II. 

Table II shows that the maximal locations of the B-bands of p-substituted fluoro- 
benzenes are all similar to the locations of the B-bands of the corresponding non-fluoro- 
substituted analogues as a first approximation (cf. also ref. 5). However, closer inspection 
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Fic. 1. The ultraviolet absorption spectra of benzene ( 
(---) and of iodobenzene (—-—-) in cyclohexane solution. 


) in n-heptane solution, and of fluorobenzene 
allows a subdivision into two classes: 

(i) If the p-substituent is electron-donating, a hypsochromic wavelength displacement 
is frequently observed in the B-band with respect to the non-fluorosubstituted parent 
compound. For example, in hexane solution Burawoy and Thompson (3) report the 
wavelength changes in the B-band for p-fluoroaniline, p-fluoroanisole, and p-iodofluoro- 
benzene to be —3.5, —3.5, and —3.8 my compared with the B-bands of aniline, anisole, 
and iodobenzene respectively. To explain these wavelength displacements it may be 
assumed that resonance forms of type I contribute predominantly to the electronic 
excited state. These resonance forms represent locally excited states, in the example 
shown that of aniline, and the fluorine atom is assumed to exert only a secondary effect. 
Since the fluorine atom may be expected to withdraw electrons from the neighboring 
carbon atom, and since further this electron withdrawal will hinder the formation of a 

1 negative charge on the carbon atom, the secondary effect may be anticipated to raise the 
transition energy and in this way the observed slight hypsochromic wavelength displace- 
ment in the B-band can be rationalized. 
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(ii) If, on the other hand, the non-fluoro substituent is electron-withdrawing, the 
reverse effect would be expected. That is, resonance forms of type II would be favored 
by the electron-withdrawing effect of the fluorine atom and this may cause a slight 
bathochromic wavelength displacement. Examples to support this suggestion are provided 
by the data of Burawoy and Thompson (3), who report bathochromic displacements in 
hexane of 3.1 and 5.6 mu for the B-bands of the spectra of p-fluorobenzaldehyde and 
p-fluoronitrobenzene compared with the spectra of benzaldehyde and nitrobenzene 
respectively. It might be noted that the small wavelength displacement from benzene to 
fluorobenzene in inert media (see previous section) can similarly be explained. 

In addition to the wavelength displacement of the B-band caused by the fluorine atom, 
the fluorine atom also generally appears to decrease the extinction coefficient (€max) of 
the B-band of the fluorosubstituted benzene derivative compared with the €max value of 
the B-band of the non-fluorosubstituted parent compound (see Table II and refs. 3 and 
5). This effect may again be ascribed to the electron-withdrawing ability of the fluorine 
atom which may be assumed to decrease the proportion of available w-electrons in the 
benzene ring and in this way decrease the over-all absorption probability of the transition 
involving the benzene ring. 

Significant spectral changes between the p-substituted fluorobenzene and the non- 
fluorosubstituted parent compound are also observed in the C-band; for example, the 
fine structure is frequently increased characteristically. This is shown by the data in 
Table II and is further illustrated by Fig. 2 which records the spectra of phenol and 
p-fluorophenol. Figure 2 shows that while the B-bands remain similar, the C-band fine 
structure in p-fluorophenol is appreciably increased. 
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Fic. 2. The ultraviolet absorption spectra of phenol (——) and p-fluorophenol (—--) in cyclohexane 


solution. 


THE SPECTRA OF METASUBSTITUTED FLUOROBENZENES 


The spectra of m-substituted fluorobenzenes, as other previously discussed spectra of 
m-disubstituted benzene derivatives, might be expected to show two B-bands corre- 
sponding to the two monosubstituted parent compounds. Unfortunately, the fluoro- 
benzene B-band cannot usually be identified with any degree of confidence, because it 
occurs at a wavelength at which it is not readily identified. 
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The location of the maximal absorption of the second, non-fluorobenzene, B-band 
again does not appear to be appreciably affected by the fluorine atom as a first approxi- 
mation. More careful examination of the data, however, indicates that the second 
B-band is frequently hypsochromically displaced if the non-fluoro substituent is electron- 
withdrawing. For example, m-fluorobenzaldehyde absorbs at shorter wavelength than 
benzaldehyde (9), and m-fluoronitrobenzene absorbs at shorter wavelength than nitro- 
benzene (10, 11). These slight hypsochromic displacements are in a different direction 
from the displacements observed in the corresponding p-isomers (see previous section), 
but this is not unexpected if resonance forms of type III are assumed to be predominantly 


o- 


' 
=x 


(il) 


involved in the transitions leading to the observed absorption. This follows because the 
electron-withdrawing effect of the fluorine atom will now favor the formation of a positive 
charge on a different carbon atom (cf. the related resonance form II in the previous 
section), which in turn will tend to hinder the positive charge formation associated with 
resonance forms II and III. 

Conversely, if the non-fluoro substituent is electron-donating a slight bathochromic 
wavelength displacement is usually observed for the m-substituted fluorobenzenes (see 
Table II, and previous parts of this series for the relevant B-bands of the non-fluoro- 
substituted parent compounds). It may also be noted that opposite wavelength dis- 
placements in the meta and para isomers are sometimes observed in the infrared spectra. 
For example, Krueger and Thompson (12) report that the amino group stretching 
vibrations of p-fluoroaniline occur at /ower frequency than for aniline, but that those of 
m-fluoroaniline occur at higher frequency compared with the stretching vibrations of 
aniline. , 

The extinction coefficient (€max) of the second B-band is again generally decreased 
compared with the B-band of the corresponding non-fluorosubstituted parent com- 
pound (see Tables I and II). 

Whereas, with the exception of the above-mentioned minor spectral changes, the 
B-band remains essentially unaltered, the C-bands of m-substituted fluorobenzenes are 
frequently profoundly altered on introducing a substituent (see Table il and cf. also 
ref. 13 for a discussion of the fluorobenzene band). For example, in m-fluorobenzalde- 
hyde compared with benzaldehyde, the C-band is bathochromically displaced and the 
extinction coefficient is almost doubled (see Table II and ref. 9). The C-band in the 
o-isomers incidentally appears frequently to undergo similar spectral changes. 


THE SPECTRA OF ORTHOSUBSTITUTED FLUOROBENZENES 


In the absence of direct mesomeric interaction two B-bands are again possible (see 
previous section), but again the B-bands associated with fluorobenzene absorption can 
only be identified with difficulty. As a first approximation, the second B-band is only 
slightly altered because of the fluorine atom. 

Closer inspection of the data shows that this second B-band, compared with the same 
B-band in the m-isomer, usually occurs at slightly shorter wavelength and with slightly 
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reduced absorption intensity. Since this effect appears to be more pronounced when the 
non-fluoro substituent is large and electronegative, it seems reasonable to ascribe this 
secondary spectral effect to electrostatic repulsions and/or steric interactions between 
the fluorine atom and the o-substituent. This is illustrated by the data in Table II for 
the relevant B-bands (see also refs. 14, 15, and 16 for the spectra and a full discussion of 
diphenyl, fluorosubstituted diphenyls and related compounds). The effect of the size of 
the substituent may be deduced from the aniline spectra where an o-fluoro substituent 
causes an increased extinction coefficient, whereas an o-fluoro substituent in the larger 
N,N-dimethylaniline is reported to cause a reduced extinction coefficient (€max 11,600) 
compared with the relevant extinction coefficient in N,N-dimethylaniline (€m,, 138,750) 
(cf. Klevens and Platt (17), who assume a certain degree of non-planarity for o-fluoro- 
N,N-dimethylaniline). Likewise the spectra of o-fluorobenzaldehyde and _ o0-fluoro- 
acetophenone, which may be assumed to possess similar conformations,* indicate that 
o-fluoroacetophenone is less planar because the characteristic hypsochromic wavelength 
displacement and ¢ decrease only occur in the B-band of the acetophenone. 

The data also again show that the B-band spectral changes can be explained as a first 
approximation without taking into account the effects of intramolecular hydrogen bonding 
or of inductive effects involving the fluorine atom. For example, compounds like o-fluoro- 
phenol and o-fluorobenzoic acid, which are believed to form an intramolecular hydrogen 
bond (19, 20), possess spectra similar to those of the corresponding m-isomers (see 
Table II). This is illustrated in Fig. 3, which shows that the B-band of o-fluorobenzoic 
acid is not very different from the B-bands of either m-fluorobenzoic acid or even benzoic 
acid itself. 
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Fic. 3. The ultraviolet absorption spectra of benzoic acid (——), o-fluorobenzoic acid (-—-—-), and 


m-fluorobenzoic acid in cyclohexane solution. 


*The infrared carbonyl band of o-fluorobenzaldehyde in carbon tetrachloride solution showed only one intense 
peak at 1701 cm™. By analogaus reasoning as employed in the interpretation of the infrared carbonyl band of 
o-fluoroacetophenone at 1692 cm™ (18), we assume that both compounds exist predominantly in one conformation 
with the C=O and C—F dipoles aligned in opposite directions. Since on the basis of steric considerations alone 
o-fluorobenzaldehyde might be expected to exist in two s-cis, s-trans conformations, this further suggests that the 
electrostatic repulsive forces associated with the fluorine atom are sufficiently important to tend to maintain the 
molecule predominantly in only one conformation. 
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This then provides additional evidence that, as a first approximation, B-bands of the 
type discussed in this paper are determined predominantly by mesomeric and steric 
interactions (cf. refs. 4 and 21). 

EXPERIMENTAL 

The ultraviolet absorption spectra were determined by standard methods using a 
Unicam SP500 or a Beckman Model DU spectrophotometer. For each compound at 
least two independent sets of observations were made. Some of the spectra have pre- 
viously been described in this series. The Unicam SP500 instrument was calibrated 
against a didymium filter and wavelength readings obtained on the Unicam and Beckman 
instruments were found to be within 1 my of each other. The values given in this paper 
should replace earlier wavelength values (6) which were determined on an uncalibrated 
SP500 spectrophotometer. Difficulty was encountered in obtaining maximal absorptions 
below 210 my since on both instruments the location of the maximal absorption fre- 
quently changed with concentration. The values quoted were determined in 1-mm cells 
for absorption maxima below 210 my but otherwise in 1-cm cells. Apart from the maximal 
wavelengths below 210 muy, the accuracy of \max values is estimated to be +0.5 mu, and 
the precision of émax values +5% or better. Values were reproducible in most cases to 
+2%. 

. The infrared spectrum was determined on a Unicam SP100 instrument, using a 
NaCl prism and a diffraction grating. 

The fluorobenzenes were either prepared by standard methods or were commercially 
available; they were purified by distillation or recrystallization until their boiling 
points and refractive indices or melting points showed them to be sufficiently pure. The 
solvents used were spectroanalyzed cyclohexane (Fisher) or other commercially available 
spectroanalyzed solvents. 
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THE NATURE OF THE SPECIFICITY OF ADSORPTION OF ALKYL ORANGE 
DYES ON SILICA GEL! 


Joun L. Morrison,? M. Wors ey,’ D. R. SHaw,t AND G. W. HopGson® 


ABSTRACT 


The properties of silica gels sensitized by methyl orange and its homologues were critically 
examined in order to decide between the alternative hypotheses of a lock and key mechanism 
and an association mechanism to explain the enhancement of adsorption. Evidence appears to 
favor an association mechanism in which the unextractable dye particles act as centers to 
attract their own kind more strongly than one of their homologues. Nitrogen area measure- 
ments show that less than 0.5% of the gel surface area is used in adsorbing dye molecules. 
The dye series from methyl to butyl orange have a very sharp increase in solubility from 
ethyl to propyl when dissolved in 5% aqueous acetic acid solution (pH = 


INTRODUCTION 

The preparation of solid adsorbents specific to predetermined substances has both 
theoretical and practical interest (1). Dickey (2, 3) has reported the preparation of 
silica gels that specifically adsorb their sensitizing alkyl orange dyes. Haldeman and 
Emmett (4) attempted to correlate dye adsorption with nitrogen area measurements. 

In his original communication (2), Dickey compared his adsorbents by making single 
adsorption measurements from solutions of the same initial concentration; this magnified 
any ea in adsorption. He interprets the phenomenon in terms of a “lock and 
key” or ‘footprint’? mechanism. 

There is, no doubt, a production of some specificity in adsorption, but our experi- 
ments show that an alternative explanation of the specificity may be found in the fact 
that a relatively appreciable amount of the sensitizing dye is permanently retained by the 
adsorbent. 


EXPERIMENTAL 


Preparation of Silica Gels 

Following Dickey (2, 3), silica gels were prepared by the acetic acid and the oxalate 
methods. In each case, sodium silicate solution (J. T. Baker Chemical Co., Technical, 
40°-42° Bé) with and without a sensitizing dye was acidified by an acid to produce a 
gel. 

Two modifications were made in the procedure: one, the mixture of sodium silicate 
solution and dye was heated nearly to boiling before adding the acid. This was necessary 
to ensure more complete solution of the dyes. When the acid was added, there was a 
precipitation of much of the methyl orange, less of the ethyl orange, and the propyl and 
butyl orange solutions gave clear gels. 

The other modification was to wash the gel thoroughly with distilled water after it had 
been dried, ground, and sieved. It was found that methanol extraction alone did not 

1Manuscript received July 20, 1959. 

Contribution from the Department of Chemistry, University of Alberta, Edmonton, Alberta. Part of this 
paper was taken from the thesis of M. Worsley, presented in partial fulfillment of the requirement for the degree 
of M.Sc., May, 1952. Presented at the 39th Annual Conference, Chemical Institute of Canada, Montreal, Que., 
May 28-30, 1956. 
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3Present address: Hooker Electrochemical Co., Niagara Falls, N.Y. 


4Present address: Alberta Petroleum and Natural Gas Conservation Board, Edmonton, Alberta. 
5A ssociate Research Officer, Research Councii of Alberta, Edmonton, Alberta. 
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remove all of the residual sodium acetate in the acetic acid method. As a result, in the 
absence of water washing, both the weight of the gel and the concentration of dye solu- 
tions used in the subsequent adsorption experiments were in doubt. The pH of these 
solutions shifted from 2.3 (5% acetic acid solution) to about 4 with an indeterminate 
effect on the concentration measurements by the spectrophotometer (Beckman model 
DU). 

A similar washing procedure was used for the oxalate gels. 


Adsorption Measurements with Dye Solutions 

The alkyl orange dyes were prepared by the method of Slotta and Franke (5). The 
dyes were purified (6) and analyzed by a semimicro Nesslar method. Purity of 98-100% 
was obtained, and the extinction coefficients were similar to those reported by Klotz 
et al. (7). 

Dye solutions for adsorption measurements were prepared in 5% acetic acid, pH 2.3. 
At this pH, the absorption maxima at about 510 yu for the four dyes were used for analysis. 
In some of the later experiments, corrections were made for small deviations from Beer’s 
Law. 

For the series A acetic acid gels, each adsorption measurement was made on a separate 
gel sample (1 g). As a result, there was a considerable sampling error which for this 
method could only be overcome by using larger samples. 

For the series B acetic acid gels and the oxalate gels, the same gel sample was used 
with each dye (4). Thus, for example, 100 ml of 1X10-> molar dye solution was added to 
1 g silica gel, and equilibrated with occasional shaking at 25.0° C for 3 days. After centri- 
fugation, 80 ml of supernatant was removed and analyzed, and 80 ml of the next higher 
concentration (210-5) was added. A repetition of this procedure for 3 and 5X10-> 
molar solutions completed the adsorption measurements. A much smoother adsorption 
isotherm curve was obtained by this serial procedure than by the batch method. 


Acid-washing of the Gels 

The effect of acid(HCl)-washing (3) was determined by dividing the gel samples into 
two parts, one part which was immersed in 1 N HCl for 1 day, then carefully washed 
with distilled water, and the other part washed with distilled water only. 


Residual Dye Content 

Following Haldeman and Emmett (4), the residual dye content of each gel was deter- 
mined by dissolving a weighed sample in 1 N NaOH solution. The sample was neutralized, 
adjusted to pH 2.3 and analyzed spectrophotometrically. 


Nitrogen Areas 

Nitrogen adsorption isotherms were measured at —195° C on all samples of series B 
acetic acid gels and oxalate gels. The Brunauer-Emmett-Teller equation (8) was applied 
to determine the amount of nitrogen adsorbed in a monolayer. In contrast to Haldeman 
and Emmett (4), who heated their gels to 200° C for 1 hour, a temperature and time 
which ‘‘would be sufficient to destroy the specificity of the sample ...’’, we evacuated 
the gels at room temperature for at least 16 hours to remove adsorbed gases. The measure- 
ments were made as soon as possible after the gels were prepared. 


Dye Solubilities 
The solubilities of the alkyl orange dyes in 5% acetic acid at 25° C were determined 
spectrophotometrically, and are given in Table I. In each case, excess solid dye was 
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added to the acetic acid solution at 75° C, then cooled to the bath temperature and kept 
in contact, with occasional shaking, for 3 days. 


TABLE I 


Dye solubilities in 5% aqueous acetic acid at 25° C 
} 0 








Concentration of saturated 





Dye solution (moles/liter) 
Methy! orange : 8.1710 
Ethyl! orange (SS | me 
Propyl orange 22.5 X10-5 
Butyl orange 34.8 X10 





RESULTS AND DISCUSSION 
Adsorption Isotherms 

The adsorption isotherms are reversible (4) as illustrated in Fig. 1 by the batch measure- 
ments for ethyl orange on an ethyl-orange-sensitized gel. 

In general, the adsorption isotherms of the dyes on sensitized gels are concave to the 
concentration axis and then they increase approximately linearly. The isotherms of 
methyl and ethyl orange dyes on control gels are approximately linear from zero concen- 
tration (3). However, propyl and butyl orange dyes also show concavity on control 
gels. 

The isotherms increase approximately linearly up to saturated solutions of adsorbate. 
This is illustrated by Figs. 1 and 2. In the latter case, an equilibrium concentration of 
17 X10-> molar was achieved. 
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Fic. 1. The sorption isotherm of ethyl orange dye on an ethyl orange silica gel (series A, acetic 
acid, water-treated). @ Adsorption. O Desorption. 


Fic. 2. Adsorption isotherms of propyl orange dye extended to relatively high concentrations. O A 
methyl orange, acetic acid, water-treated gel. @ A propyl orange, oxalate, HCl-treated gel. 


Absolute Amounts Adsorbed 

The absolute magnitudes of adsorption are given in Table II for 1.5X10-> molar 
equilibrium concentration as interpolated on the isotherms. 

It is not possible to determine the absolute magnitudes from Dickey’s original paper 
(2), but more recently (3) he reported absolute measurements for methyl and ethyl dyes 
and gels. Our results are very similar to his for the dye-sensitized gels, and much higher 
for control gels. Thus, we conclude that our modification of heating the dye — sodium 
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silicate solutions before adding the acid is not a significant one insofar as specific effects 
are concerned. 


Relative Adsorption Power 

The relative adsorption powers given in Table II are defined as the ratio of the adsorp- 
tions for the sensitized and controi gels at 1.5X10- molar equilibrium concentration.* 
Dickey (3) used 0.5X10-> molar and Haldeman and Emmett (4) used 1X10-*. The 
value 1.5X10-> was chosen here because it was in a region of greater accuracy, although 
it is recognized that it tends to give somewhat lower values for the relative adsorption 
power. 


Specificity of Adsorption 

In general, the sensitizing process enhances adsorption by 1} to 2 times compared with 
the control gels. Higher degrees of enhancement are more apparent than real. For example, 
a relative adsorption power of 9.7 for ethyl orange on ethyl orange oxalate (HCl) gel 
arises from an extremely low value for the adsorption on the control. The absolute value 
(0.32 X10-* mole per g) on this ethyl orange gel is lower than 'the absolute values on 
all of the other ethyl orange gels except the oxalate (H2O) gel. 

The specificity is so low that it can be masked by gel fluctuations. It was found that 
two controls when prepared under identical conditions from the same batch of sodium 
silicate may differ by as much as 25% and two sensitized gels also identically prepared 
may differ by as much as 50%. 


Nitrogen Areas 

Nitrogen area measurements were made to test the postulate by Dickey that the 
specificity of adsorption was due to footprints or imprints left in the gel structure by the 
dye molecules. 

The nitrogen areas of a number of our gels are given in Table III]. Haldeman and 


TABLE Ill 


Nitrogen surface areas, square meters per g 








Series B acetic acid gels Oxalate gels 











Silica gel (H.O) (HCl) (H,0) (HCl) 

Control 715 746 484 457 

Methyl (a) 574 (a) 702 695 471 
(b) 574 (6) 631 674 

Ethyl 574 662 674 461 

Propyl 584 675 492 550 

Butyl 588 649 554 588 








Norte: Basis: Nz molecular adsorption area = 16.2 A’, 


Emmett also measured the nitrogen areas of a number of Dickey’s silica gels (4). They 
obtained the same area, 980 sq. m per g, for all the gels. Our gel areas are significantly 
lower, and are very similar to those obtained by Sing and Madeley (10). The latter 
workers used freshly prepared gels, but, like Haldeman and Emmett, they heated the 


*Dickey in his original paper and Haldeman and Emmett in some of their measurements have used the same 
initial concentration. This misleadingly magnifies the specificity, and the more so, the lower the initial concen- 
tration. Dickey acknowledges this magnifying effect (ref. 3, p. 698), but he and Bernhard (9), and also Haldeman 
and Emmett, continue to accept the original announcement and perpetuate the misleading method. Dickey (Table 
I in ref. 4) confuses the problem even further by using a variety of initial concentrations for the different dye 
solutions. 
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gels to 200° C for 1 to 2 hours. It would appear that the gel gradually disintegrates in time 
to produce a larger surface area. 

It is questionable that nitrogen area measurements will reveal anything concerning the 
specificity of adsorption on sensitized silica gels. What they do show is that the fraction 
of gel surface used in the adsorption of the alkyl oranges is very small. 

For example, the highest adsorption we observed, which was for propyl orange 
approaching saturation concentration, was 5.210-* mole dye per g gel. Assuming like 
Haldeman and Emmett that the molecular adsorption area of each dye molecule is 100 A?, 
and that they adsorb in a monolayer, we find that in this case only 0.4% of the surface 
is covered by dye molecules. 

Nitrogen area measurements on the same sample vary by as much as 1% and the 
variations observed here from one gel preparation to another, and even from water to 
acid washing on the same gel are as much as 40%. Obviously, it would be very difficult 
to distinguish by means of nitrogen areas between the presence of ‘‘footprints’’ in a 
sensitized gel and their absence in a control gel, and even more so, the difference of the 
“imprints” of two methylene groups in gels sensitized to two successive dye homologues. 


Unextractable Dye 
The residual dye content of two series of sensitized gels, both water- and acid-washed, 


are given in Table IV. Acid-washing does not alter the amount of residual dye. 


TABLE IV 
Unextractable dye contents, moles X 108 per g 














Series B acetic acid gels Oxalate gels 
Silica gel (H20) (HCl) (H,0) (HCl) 
Methyl 3 8 8 7 
Ethyl 15 10 24 26 
Propyl 31 29 70 72 
Butyl 23 21 67 75 





In general, contrary to Dickey’s statement ‘‘that more than one hundred times as 
much dye may be specifically adsorbed as is unextractably retained’’ (ref. 3, p. 705), 
we find that the amount of residual dye is an appreciable fraction of the amount of dye 
specifically adsorbed. 

For example, in Fig. 3, the amount of propyl dye specifically adsorbed on a propyl 
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Fic. 3. Specifically adsorbed propyl orange dye. @ Propyl orange gel (series B, acetic acid, HCl-treated). 
© Control gel (same type). @ Difference between the two curves. All points are from smoothed curves. 
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gel is given as the difference between the amounts actually adsorbed on the propyl gel 
and on the control gel. The extrapolated value of the linear portion of the resultant iso- 
therm at zero equilibrium concentration is 0.3X10~* moles per g gel, which practically 
coincides with the amount of residual dye. Of course, this is an accidental coincidence 
but it serves to emphasize the fact that the amount of unextractable dye is not negligible. 


Acid-washing of the Gel 

Dickey claims that acid-washing (with HCl) is ‘found to preserve the specific adsorp- 
tion property”. Included in Table II are the acetic acid B series and the oxalate series of 
gels in each of which one part was water-washed and the other part HCl-washed and then 
water-washed. 

Acid-washing does not have much effect on the adsorption of dyes on the oxalate gels. 
Similarly, the nitrogen areas of the oxalate gels show no general trend asa result of acid- 
washing (Table III). 

The effect of acid-washing is more definite for the acetic acid gels. In general, dye 
adsorption is enhanced on the dye-sensitized gels and reduced on the control gels. Acid- 
washing noticeably enhances nitrogen adsorption on the dye-sensitized gels, but only 
slightly affects that on the control gel. 

It is difficult to account for an enhancement of adsorption by acid-washing in terms of 
“footprints” left by the dye. A more plausible explanation could be given in terms of the 
effect of acid-washing on the unextractable dye. It was already noted that acid-washing 
does not extract any dye. Possibly this treatment exposes more dye to the external 
surface by corroding the gel; concomitantly, the control gel becomes somewhat less 
active by the same corroding action. 

Although there is much more unextractable dye in the oxalate gels than in the acetic 
acid gels, it appears that this dye is either more deeply buried or in a less active form 
(the oxalate gels are prepared at a significantly higher pH value than the acetic acid 
gels). Thus, the oxalate gels have lower absolute dye adsorptions and they are almost 
totally insensitive to the action of acid-washing. 


The Nature of the Dyes as Adsorbates 

It was generally observed that the adsorption of the orange dyes on the control gels 
increased with increasing molecular weight; moreover, methyl and ethyl were grouped 
together followed by a gap after which propyl and butyl were grouped. This grouping is 
also largely maintained among the sensitized gels. 

A similar grouping occurs for the amounts of unextractable dye retained by the sensi- 
tized gels (Table IV) and for the solubilities of the dyes in 5% aqueous acetic acid solutions 
(Table I). 

It is very unusual to find that the more soluble adsorbates of a homologous series are 
the ones adsorbed in the larger amounts. For example, Hansen and Craig (11) found 
that the adsorptions of slightly soluble homologues were congruent functions of their 
reduced concentrations (equilibrium concentration divided by saturation concentration). 
They reported on the adsorption of the monobasic aliphatic acids on non-porous carbons. 

When the same method was applied to one of our sets of isotherms on a single gel, the 
isotherms became more divergent (Fig. 4). 

Hansen and Craig point out that congruency of the adsorption isotherms is to be 
expected if the adsorbent acts on the same functional group of the adsorbate. Apparently, 
in the present case, one must use an entirely different mechanism to account for the 
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Fic. 4. Adsorption on a methyl orange gel plotted against reduced concentration (methyl orange gel, 
series B, acetic acid, water-treated); @ methyl, O ethyl, @ propyl, and & butyl orange dyes. 


adsorption of the methyl orange homologues on silica gel. Our results suggest that such a 
mechanism will be very dependent on properties of the adsorbate molecules. 

The striking increase in solubility from ethy! to propyl orange recalls a rule of Blitz 
and Herzog (12) that the diffusibility of dyes with more than 45 to 50 atoms suddenly 
decreases in comparison with those of less than this: number of atoms. We are suggesting 
that the sudden increase in solubility is due to a sudden increase in the degree of associa- 
tion of the propyl and butyl orange dye molecules in comparison with the methyl and 
ethyl orange molecules. 

Such an increase could largely account for the greater adsorbability of these two dyes 
compared with their methyl and ethyl homologues. The adsorption of the larger aggre- 
gates of propyl and butyl oranges would thus partially mask any specificity. 

Moreover, a general tendency for association would be one way of accounting for the 
unextractable dye playing a role as attraction centers in specific adsorption. 

A similar explanation for specific adsorption is the suggestion of Singer (ref. 3, foot- 
note, p. 702) that the unextractable dye molecules act as centers for a phenomenon akin 
to crystallization. 


The Effect of Other Unextractable Substances 

Dickey (3) rejects the suggestion that the unextractable dye plays a role in the en- 
hancement of adsorption; his rejection is largely based on a single experiment, in which 
decolorizing of the unextractable dye by ozone did not alter the amount of adsorption. 
He suggests that the dye “thas been destroyed”’ without altering the footprints. 

However, this experiment does not ensure the removal of the decolorized molecules 
from the gel, and these may still act as centers for adsorption. 

Bernhard (9) and Beckett and Anderson (13) have shown that the sensitization of the 
gel by similarly structured molecules gave similar adsorptive properties. 

We prepared gels in the presence of sulphanilic acid and of p,p’ diaminodipheny! and 
compared their adsorptive properties to methyl and ethyl orange dyes by measuring 
complete isotherms. The adsorptions at 1.5X10-> molar equilibrium concentration are 
given in Table V. It is quite apparent that both these substances, and particularly sul- 
phanilic acid, enhance the adsorption as much as do the two orange dyes. 
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TABLE V 
Adsorption on various gels at 1.5 10-5 molar equilibrium 
concentration 
Adsorbate dye 

Methyl Ethyl 

Sensitized silica gel orange orange 
Control 0.25 0.19 
Methyl orange 0.40 0.25 
Ethyl orange 0.50 0.51 
p,p’ diaminodipheny] 0.38 0.42 
Sulphanilic acid 0.50 0.55 





We have concluded from these experiments that unless the unextractable dye is com- 
pletely removed, and not merely decolorized, one cannot unequivocally reject its role 
in enhancing adsorption. Unfortunately, it does not appear possible to remove the dye 
completely without destroying the gel. Moreover, the drastic treatments necessary to 
decolorize the unextractable dye bring into question the survival of ‘‘footprints’’. 


CONCLUSION 


According to Martin (1) the “finding of stationery phases of high specificity ...” is 
“an extremely difficult field, as difficult as it is obviously rewarding’’. Therefore, much care 
should be taken particularly in the interpretation of any observations of specificity; for, 
a correct interpretation should be more fruitful than an incorrect one in developing new 
specific adsorbents. 

In the present case, neither of the participants in the specific adsorption phenomena is 
a simple substance. 

Silica gel is extremely complex; in its formation under the present conditions it under- 
goes about a 30-fold shrinkage. It is very difficult to envisage the survival of matching 
structures to the dye molecules in such a gel. However, some of the dye particles remain 
trapped within the gel structure during this shrinkage and become unextractable. Until 
the effect of such unextractable material has been unequivocally disproved, one must, 
we believe, follow the simpler hypothesis that the specificity arises from the retained 
dye. 

The methyl orange homologues have been found to be complex substances. For example, 
Burkhard, Burgert, and Levitt (14) have shown in connection with dye-protein inter- 
actions that, at pH 6.8 and 7.3, methyl orange does not form micelles whereas butyl 
orange does so. We are reporting the unusual solubility behavior of the dye series, and 
it is interesting to note that Dickey in his second paper has only dealt with methyl and 
ethyl orange dyes (3). 

If the specificity in the silica gels is due to unextractable substances, then the develop- 
ment of tailor-made adsorbents might follow a different path from that suggested by the 
“footprint’’ hypothesis. 
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HYDROXYLYCOCTONINE! 


O. E. Epwarps, M. Los,? AND LEo MARION 


ABSTRACT 


The structures of isolycoctonine and bydroxylycoctonine salts have been shown to be 
VII and X respectively. These structures and the 6-lactone character of the products of lead 
tetraacetate cleavage of hydroxylycoctonam are in harmony with structure XI for hydroxy- 
lycoctonine. 


Most of the chemistry of the alkaloid lycoctonine (1, 2, 3) has been accounted for on 
the basis of structure I (R = CH»OH).* However, one of the remaining sets of facts 
not readily reconciled with this structure centered around the base hydroxylycoctonine. 

This product of silver oxide (5) or lead tetraacetate (1, 6) oxidation of lycoctonine 
contained one more oxygen than the parent alkaloid, and had many characteristics of 
a carbinolamine. The marked drop in pK, in going from lycoctonine to hydroxylycoc- 
tonine (3.3 units) indicated that the extra oxygen was close to the nitrogen. The fact 
that the base could be oxidized to a lactam, which on acid hydrolysis gave ethylamine 
(1), proved the presence of the system: 


H;C, 
—CH.-—_N—C—0O— 


C 

Suginome (7) treated hydroxylycoctonine with methanolic hydrogen chloride and 
obtained what appeared to be a carbinolamine ether. In addition, when hydroxy- 
lycoctonine was heated in mildly alkaline solution formaldehyde, acetaldehyde, lycocto- 
nine, and des(oxymethylene)-lycoctonine were among the compounds formed (1). The 
aldehydes obviously arose from the carbinolamines II (R = CH:,OH) and III. Since 
only a trace of lactam was produced it was suggested (1) that II (R = CH.OH) was 
reduced by the above aldehydes in a crossed Cannizzaro reaction to lycoctonine, while 
the carbinolamine II (R = H) formed by retroaldol fission was similarly reduced to 
des(oxymethylene)-lycoctonine (I, R = H). 


OCHs 
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3The numbering system used herein has been decided upon recently (4). The absolute stereochemistry denoted 
by is Ch Bo) demonstrated using X-ray crystallography (Przybylska, M. and Marion, L. Can. J. Chem. 37, 
1843 (1959)). 
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Finally, the presence of a vicinal diol in hydroxylycoctonam was demonstrated, 
suggesting that the original lycoctonine skeleton was intact. On this basis, structure IV 
was advanced for hydroxylycoctonine (1). This structure is consistent with the above 
facts provided it is possible for the immonium salt V to exist as a transient intermediate 
in the formation of IV. This assumption would also be required to account for the 
rearrangement of IV to the immonium ion VI which must be the precursor of II, and 
for the comparable formation of III. However, four pieces of evidence were not readily 
reconcilable with structure IV for hydroxylycoctonine. 





_ (a) The salts of hydroxylycoctonine were anhydronium salts (i.e. involved loss of a 
molecule of water), and these salts had unusual ultraviolet and infrared spectra (1, 6) 
(see below). The corresponding anhydronium salt structure V is extremely strained. 

(6) A solution of hydroxylycoctonine in acetic acid over platinum rapidly absorbed 
1 mole of hydrogen, giving an isomer of lycoctonine “‘isolycoctonine”’ (5), which proved 
to be a ketone. Lithium aluminum hydride reduced hydroxylycoctonine salts‘ to dihydro- 
isolycoctonine® (carbonyl reduced to the secondary alcohol). 

(c) Although structure IV contains a vicinal triol system, glycol cleavage reagents 
failed to cleave more than one vicinal diol in the molecule (1). The main products gave 
monoacetates whose infrared spectra contained no hydroxyl absorption bands. 

(d) A marked change in saponification rate exists between methyl lycoctonamate 
and methyl hydroxylycoctonamate (1). 

In an attempt to account for these observations we undertook the study of the structure 
of isolycoctonine. This base had a pK,’ of 6.7 (0.9 unit higher than hydroxylycoctonine), 
was inert to nitrous acid, and gave no amide with acetic anhydride. It thus appeared to 
be a simple tertiary amine. Its infrared spectrum demonstrated the presence of a car- 
bonyl in a six-membered or larger ring. 

Permanganate oxidation of isolycoctonine gave a neutral compound without loss of 
carbon. Since vigorous hydrolysis of this compound yielded no acetic acid or volatile 
amine it was a lactam (named isolycoctonam), and hence the nitrogen was flanked by 
two skeletal carbons as in lycoctonine itself. 

The environment of the carbonyl was next proved by a series of experiments. The 
action of lead tetraacetate in wet acetic acid on isolycoctonam resulted in the con- 
sumption of 1 mole of reagent and the production of a keto acid. This spontaneously 
cyclized on handling giving a lactone, which in view of this ease of formation and its 
infrared absorption at 1737 cm~! was undoubtedly a 6-lactone. The keto lactone lost 
the elements of methanol when heated with dilute mineral acid, giving rise to a com- 
pound containing the lactone ring and a lightly substituted a-8 unsaturated ketone 


‘Leonard and co-workers showed that immonium salts are reduced by this reagent to the tertiary amine (8). 
5We cordially thank Dr. D. K. R. Stewart, who performed this experiment. 
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(Minn 225 mu). 17-Desoxylycoctonine (1, R = CH3) gave an exactly parallel series of 
reactions, except that no lactone formed. The lactone formation thus indicates a 1,5 
relation between the primary hydroxy! and the carbonyl. 

Zinc and refluxing acetic anhydride removed the tertiary hydroxyl @ to the carbonyl 
in isolycoctonam. When the product was hydrolyzed and then treated with 5% sodium 
amalgam in ethanol one methoxyl was removed and the ketone carbony! reduced. Since 
isolycoctonam is stable to base, this reaction proved that a methoxyl was a to the 
carbonyl.® 

The above evidence defines the sequence 


Cc 
| | | | 
a a a a 
| | | | 
HOCH: OCH;0 OH OCH; 
in isolycoctonine. This sequence is present in lycoctonine if the C(7)—C(15) bridge is 
ruptured. In view of the gentle conditions under which lycoctonine can be transformed 
into isolycoctonine, it seems unlikely that a deep-seated skeletal rearrangement takes 
place, hence VII is a very plausible structure for isolycoctonine. The a-8 unsaturated 
keto-d-lactone must then be VIII, and the product of the successive Zn—Ac.O and 
Na(Hg),; treatment of isolycoctonam is IX. 


OCH; OCHs OCH; OCHs OCH 
OCH OCH OCH,” 
CoHs Cos CoHs 
0 
OH 
OCH 
fi,cOH OCH, © of ’ o7 HecOH oH 
wr ° wr x 


The infrared spectrum of salts of hydroxylycoctonine had two absorption bands at 
1670 cm—! and 1712 cm~!. The former correspond to the yoo stretching vibration 
(9, 10), but the latter was not easily accounted for. Solution of the salts in alcohol, or 
of the base in acetic acid, had a carbonyl absorption band in the ultraviolet at the 
abnormally long wavelength of 330 mu. The very rapid catalytic reduction of hydroxy- 
lycoctonine in acid solution to VII, and the course of the lithium aluminum hydride 
reduction of hydroxylycoctonine salts, coupled with the above spectroscopic evidence, 
led to the conclusion that the salts must have structure X. Thus the IR band with 
Vmax 1712 cm! is the >c=0 stretching absorption and the catalytic hydrogenation 
reduces the immonium bond. 

While the above results prove the structure of isolycoctonine and hydroxylycoctonine 
salts, acceptance of structure IV for hydroxylycoctonine still demands the invoking of 
the highly strained immonium ion of V as a transient intermediate (see above), and no 
explanation of points (c) and (d) above is provided. While the preliminary communi- 
cation of the above results (11) was in press, Professor G. Biichi suggested to us that 


®The reductive removal of a methoxyl a to a ketone carbonyl has been used previously in lycoctonine chemistry 
(2). In this case, and in the original work of Kondo, the carbonyl was not reduced. However, in the present work 
it was not found possible to avoid reduction to the secondary alcohol. 
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an initial complex between the nitrogen of lycoctonine and Pb(OAc), led directly to 
the ‘‘open” structure X(X = OAc) as shown. Hydroxylycoctonine would then be XI 
and the product of lead tetraacetate cleavage of hydroxylycoctonam would be XII. In 


CH20H OCH, 
xIr 


a recent communication (12) Valenta has drawn the same conclusion about the structure 
of hydroxylycoctonine and its salts. These very convincing rationalizations were quickly 
established to be correct by alkaline hydrolysis of the compound XIII which we had 
called desmethanol secohydroxylycoctonam diketone monoacetate.? A nearly quanti- 
tative yield of acid was obtained, which spontaneously cyclized to a new crystalline 
lactone, presumably XIV. 

In view of the new structure for hydroxylycoctonine it appeared that the more strongly 
adsorbed compound lacking the primary hydroxyl (not acetylatable) produced in the 





one 


' "By mistake this compound was called des(oxymethylene) hydroxysecolycoctonam diketone monoacetate in 
several places in reference 1. 
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lead tetraacetate cleavage of hydroxylycoctonam (1) might have structure XV. The 
compound even after 8 hours’ drying at 100° in high vacuum still gave carbon values 
0.5% low for this possibility. However, the compound was shown to be a lactone by alka- 
line hydrolysis to an acid. Flash pyrolysis of the compound in vacuo gave a mixture 
from which XIV was obtained by crystallization. Thus structure XV is confirmed. 
N-Bromosuccinimide (13) rapidly oxidized isolycoctonine. The product gave a hydro- 
chloride which appeared to be a mixture of the salt of N-desethyl isolycoctonine (ymax 


a 
2680, 2470, and 1602 cm~, ascribable to SNH») and of immonium salt XVI (ymax 
1673 cm~!). Attempts to rearrange the immonium salt to the readily crystallizable 
hydroxylycoctonine salts by heating the mixture in dimethylformamide failed, although 
the corresponding transformation in the atisine series is facile (14). This gives some 
support to our contention that hydroxylycoctonine salts represent a high energy state 
(see below). 

Considerable driving force for the formation of hydroxylycoctonine must come from 
the relief of non-bonded interaction between the ring A hydrogens and the ethyl group 
in going from lycoctonine to X. Examination of Courtauld’s models, however, suggested 
that this was offset by an increase in other non-bonded interactions and in ring strain® 
in going from lycoctonine to X. The expected course of the lead tetraacetate oxidation 
by analogy to the attack of other oxidizing agents on the lycoctonine (5, 15), atisine 
(16, 17), and garrya (18) groups of alkaloids would lead to initial formation of the 
immonium ion VI. This ion is strain free, has no serious non-bonded interactions, and 
gives the same relief of crowding of the N-ethyl group as the formation of X. Hence it 
is not clear why the oxidation goes rapidly and nearly quantitatively to X. The possi- 
bility exists that VI is the primary product, which rearranges rapidly to X, but this 
still leaves the question unsettled as to why X is formed. 

The low basicity of hydroxylycoctonine is more readily understood. The basic strength 
of carbinolamines (13, 19) and oxazolidines (9, 16, 19) derived from tertiary bases is 
2 to 4 units greater than that of the parent saturated bases.® The higher values pertain 
when the salt formation relieves strain or reduces non-bonded interaction (19). In the 
case of hydroxylycoctonine, salt formation relieves the interaction of the ethyl group 
with ring A hydrogens, hence we might expect a pK,’ at least 3 units greater than that 
of the saturated analogue. However, the presence of the carbonyl should lower the 
basicity by approximately 1 unit,!® leaving a net increase of 2 pK, units. Using dihydro- 
isolycoctonine XVI as the reference base (pA,’ 7.4) we would thus expect a pK,’ of 
hydroxylycoctonine of at least 9.4. (The pK,’ of base XVII (20) derived from ajaconine 
which has very similar N to CO distance and orientation is 11.7 in aqueous alcohol.) 
Thus a discrepancy of a minimum of 3 units exists between the actual pK,’ (5.8) and the 
estimated value. Since inductive effects must be negligible we attribute this difference 
to the ring strain and increased non-bonded interactions in the salt!! relative to the 
hemiketal structure of hydroxylycoctonine (XI), thus destabilizing the salt. 

8The hydrogen on C-6 was very crowded and there was serious interaction between the C-15 and C-12 hydrogens. 
In addition, considerable distortion of bond angles was necessary to form the skeleton. 

9This is only true if there is no violation of Bredt’s rule or no introduction of new serious non-bonded inter- 
action in forming the anhydronium salts. 

10The difference in pKa’ between the azomethine ketone from which XVII is derived and the corresponding 
alcohol is 0.9 unit. In this case the carbon of the carbonyl is slightly closer to the nitrogen than in hydroxy- 
lycoctonine salts. The nitrogen lies close to the axis of the.carbonyl and on the positive end of the dipole, condi- 
tions that should favor the maximum field effect. Isolycoctonine (V11) is weaker (pKa’ 6.7) than the corre- 


sponding alcohol dihydroisolycoctonine (pKa’ 7.4) by 0.7 unit. 
See footnote 8. 
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Comparison of Courtauld models of lycoctonine and hydroxylycoctonine showed 
increased crowding of the C-6 hydrogen and methoxyl against the functions on C-17 in 
the latter. This gave a possible explanation of the fact that methyl hydroxylycoctonamate 
(XVIII) was hydrolyzed much more slowly than methy! lycoctonamate (point (d) 
above). 

The mechanism of the oxidation of lycoctonine to hydroxylycoctonine by silver oxide 
remains obscure. The fact that silver ammonium ion did not oxidize the base suggested 
that here, too, a silver-amine complex is a necessary intermediate. However, the way in 
which two silver atoms participate to accept the pair of electrons is not clear. 

The transformation of hydroxylycoctonine salts (X) to lycoctonine etc. suggests an 
alternative to aldol condensation (21, 22) for the formation of the C-7:C-15 bridge in 
the biosynthesis of lycoctonine from diterpenoid precursors. 


EXPERIMENTAL 


Tsolycoctonine (VII) 

Adams’ catalyst (25 mg) in 3 ml of acetic acid was prereduced and 105 mg of hydroxy- 
lycoctonine added. One mole of hydrogen was absorbed in 4 minutes, after which the 
reduction was stopped. The catalyst was removed by filtration, the solvent evaporated, 
and the residue dissolved in methylene chloride. This was washed with dilute sodium 
carbonate solution, dried, and evaporated to give 90 mg of syrup. Crystallization from 
aqueous methanol gave plates identical in melting point, mixed melting point, and 
rotation with isolycoctonine previously described (5). ymax (Nujol): 3470 and 3420 (OH), 
1713 (ketone). 


Dihydroisolycoctonine 

Isolycoctonine (97 mg) in 5 ml of acetic acid was hydrogenated in the presence of 
25 mg of Adams’ catalyst. One mole of hydrogen was absorbed in 16 hours. The catalyst 
was removed by filtration and the filtrate concentrated under reduced pressure. The 
residue was dissolved in methylene chloride, washed with dilute sodium carbonate 
solution, dried, and evaporated. Four crystallizations from acetone gave 50 mg of 
colorless plates, m.p. 176-179° C. pK, 7.35 in 50% aqueous methanol, [a]?* —21° (c, 
1.07). Found: C, 63.98; H, 9.20; OCH3, 26.14. Calc. for C2sH4;07N: C, 63.94; H, 9.23; 
40CHs3, 26.42. 

Dihydroisolycoctonine could be obtained more readily by the reduction of isolycoc- 
tonine with sodium borohydride in 50% aqueous methanol for } hour at room tempera- 
ture. 


Reduction of Hydroxylycoctonine Hydriodide by LiAlH,! 

Hydroxylycoctonine hydriodide (120 mg) was dissolved in hot purified dioxane. LiAlH, 
ether solution (15 cc) was added and the temperature raised until the ether evaporated. 
The solution was refluxed for } hour. Excess LiAlH, was destroyed using methanol and 
the solvent removed in vacuo. The residue was suspended in saturated Rochelle salt 
solution and extracted with methylene chloride yielding 89 mg of clear glass. This 
crystallized from aqueous methanol giving 50 mg, m.p. 164-171°. After two recrystalli- 
zations the product melted at 174-177° and had [a]p —21° (c, 1.25). It did not depress 
the melting point of dihydroisolycoctonine, described above, and the infrared spectra 
of the two compounds were identical. 


2See footnote 5. 
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Isolycoctonam 

Isolycoctonine (3.23 g) was dissolved in 130 ml of acetone containing 1 ml of acetic 
acid and 1 ml of water. Powdered potassium permanganate (1.94 g) was then added 
portionwise over a period of 3 hours. The last portion persisted for $ hour. Sulphur 
dioxide was then passed into the solution to destroy excess permanganate, and the 
solution filtered and evaporated. The residue was dissolved in methylene chloride, washed 
first with dilute H,SO,, and then with dilute Na2CO; solution. After drying (Na2SO,) 
the methylene chloride was removed to give 2.40 g of neutral product. Crystallization 
from acetone-hexane gave 2.02 g of white crystalline material m.p. 181—184°. Recrystal- 
lization from the same solvent raised the m.p. to 182—184°. Found: C, 62.21; H, 7.99. 
Calc. for CosH390gN: C, 62.35; H, 8.16%. [a]?* +45.2° (c, 0.93 in ethanol); ymax (Nujol): 
3410 (OH), 1702 (ketone), 1620 and 1640 (lactam). The dilute sulphuric acid solution 
when made alkaline and extracted with methylene chloride yielded 0.346 g of isolycoc- 
tonine (melting point and mixed melting point). 


Isolycoctonam Acetate 

When prepared using acetic anhydride — pyridine, this compound crystallized from 
acetone—hexane as blades, m.p. 180—181°. Found: C, 61.79; H, 7.77. Calc. for Co7H4,OoN: 
C, 61.93; H, 7.89. 


17-Desoxyhydroxylycoctonine 

A solution of 310 mg of 17-desoxylycoctonine (I, R = CHs) in 10 ml of acetic acid 
and 20 ml of a saturated solution of lead tetraacetate in acetic acid was allowed to stand 
at room temperature for ? hour. Excess tetraacetate was then destroyed with a saturated 
aqueous solution of sodium bisulphite and lead salts precipitated by the addition of a 
saturated aqueous solution of sodium sulphate. The precipitate was removed by centri- 
fugation. The precipitate was thoroughly washed with acetic acid and the solutions 
combined and evaporated. The residue was then dissolved in methylene chloride and 
washed with dilute sodium carbonate solution and water. After the methylene chloride 
solution was dried, (Na2SO,4) it was evaporated leaving a froth (313 mg). The base 
was not obtained in the crystalline form but its perchlorate crystallized readily from 
acetone — ethyl acetate as colorless prisms (283 mg) m.p. 199-209°. Three recrystal- 
lizations raised the melting point to 203-207° C. Found: C, 54.67; H, 7.2. Calc. for 
CosH ONC: C, 54.55; H, 7.23. Infrared spectrum (Nujol): 3410 (OH), 1715 (ketone), 


® 
1673 ( SC=NX). 


17-Desoxyisolycoctonine 

17-Desoxyhydroxylycoctonine (220 mg) was reduced with hydrogen and prereduced 
PtO, (120 mg) in acetic acid (18 ml). One mole of hydrogen was absorbed in 20 minutes. 
After the solvent was removed the residue was dissolved in methylene chloride and washed 
with dilute sodium carbonate solution and water. Evaporation of the solution after 
drying (NasSO4) gave a syrup (231 mg) which crystallized as colorless prisms from 
acetone-hexane, m.p. 155-161° C. Two further crystallizations gave a pure product 
(184 mg), m.p. 162-164° C. Found: C, 66.54; H, 8.97. Calc. for CosHaOeN: C, 66.49; 
H, 9.15%. [a]?? +41.7° (c, 0.96). Infrared spectrum (Nujol): 3425 (OH), 1715 (ketone). 


17-Desoxyisolycoctonam 
17-Desoxyisolycoctonine (320 mg) was dissolved in pyridine (5 ml) and to this was 
added at 0° C the complex derived from chromic anhydride (321 mg) and pyridine (5 ml). 
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After standing at room temperature for 24 hours, sulphur dioxide was bubbled through 
the solution, the solution evaporated, and the residue dissolved in 3 V sulphuric acid. 
This was extracted with methylene chloride, the methylene chloride washed with dilute 
sodium carbonate solution, dried, and evaporated. The neutral material (254 mg) was 
chromatographed on alumina (3 g, activity II). Benzene (150 ml) and 5% CHCI,- 
benzene eluted material (220 mg) which crystallized from acetone—-hexane in colorless 
prisms, m.p. 145-148° C. Two recrystallizations raised the melting point to 147-149° C. 
Found: C, 64.55; H, 8.15. Calc. for C2sH390;N: C, 64.49; H, 8.44. Infrared spectrum 
(Nujol): 3410 (OH), 1707 (ketone), 1649 (lactam). 


Environment of the Nitrogen 

(a) Isolycoctonine was recovered quantitatively after 1 hour in aqueous nitrous acid 
solution. 

(b) Desoxyisolycoctonine was recovered in 84% yield after 4 hours’ heating at 100° 
with 50% acetic anhydride — pyridine mixture. 

(c) Desoxyisolycoctonam (75 mg) in 1 ml of methanol and 4 ml of 1 NV sulphuric 
acid was heated for 24 hours at 100° C and 24 hours at 160° C in a sealed tube. The 
filtered solution was basified and distilled until approximately 1 ml remained. Picric 
acid (70 mg) was added to the distillate and the solution evaporated. Extraction of the 
dry residue with ether left no residue of ethylamine picrate. 

‘The residue after the initial distillation was acidified with sulphuric acid and again 
distilled. The distillate was neutral showing the absence of acetic acid. 


Lead Tetraacetate on Isolycoctonam Monoacetate 

A solution of 12.6 mg of the acetate in 10 ml of a saturated solution of lead tetra- 
acetate in glacial acetic acid to which had been added 0.5 ml of water was titrated at 
intervals. The mole ratio of lead tetraacetate consumed was 0.31 (28 hours), 0.68 (73 
hours), 0.94 (96 hours). 


Lead Tetraacetate Cleavage of Isolycoctonam 

Isolycoctonam (200 mg) was dissolved in 40 ml of a saturated solution of lead tetra- 
acetate in glacial acetic acid containing 2.4 ml of water. After 120 hours at room tem- 
perature, hydrogen sulphide was passed into the solution until the precipitation of lead 
sulphide was complete. The solution was filtered through Hyflo Supercel, the acetic acid 
removed, and the residue taken up in dilute sodium carbonate. After the carbonate 
solution was washed with chloroform, it was acidified with dilute HsSO, and extracted 
with chloroform. Evaporation of the dried extract gave 195 mg of a white froth. This 
crystallized from benzene-hexane as white prisms m.p. 162-172°. v_.. (CHC), 1737 
(lactone), 1704 (ketone), 1670 (a-8 unsaturated ketone), 1635 (lactam). Found: C, 
63.91; H, 7.76. Calc. for CosH370sN: C, 62.61; H, 7.78. This indicates the product to 
be a mixture of the expected secoketolactone and its desmethanol derivative VIII. 


Desmethanol Keto Lactone (VIII) 

Crude acidic material (500 mg) as obtained above was dissolved in 1 ml of ethanol, 
20 ml of 6 N H2SO, was added, and the solution heated at 90°C for 4 hour. After 
extraction with CHCl;, washing with water, and drying (Na2SQO,), the extract yielded 
477 mg of froth. Crystallization from acetone—-hexane gave 376 mg of crystalline material. 
After three recrystallizations it had a melting point of 255-258°. Found: C, 64.87; H, 
7.29; OCHs, 20.64. Calc. for C2sH3:07N: C, 64.41; H 7." - 30CHs, 20.8. [a]2* — 104°; 
Vmax (CHCl), 1738 (lactone), 1671 (a-8 unsaturated ketone), 1635 (lactam); Ann 225 mu 
(e€ 8230), Amax 305 mu (e 57). 
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Action of Lead Tetraacetate on 17-Desoxyisolycoctonam 

17-Desoxyisolycoctonam (556 mg) was treated with lead tetraacetate in the same 
manner as described for isolycoctonam. Separation of the product into neutral and 
acidic fractions gave 320 mg of starting material and 120 mg of acidic material. 

The acidic material (100 mg) was heated at 70° C for } hour with 6 NV sulphuric acid 
(5 cc). Extraction of the cold solution with chloroform followed by washing with water, 
drying (Na2SO,), and evaporation of the chloroform yielded 38 mg froth which crystal- 
lized from acetone-hexane as colorless plates, m.p. 248-252°. Two further recrystalliza- 
tions gave material of m.p. 251-253 (decomp.). Found: C, 63.99; H, 7.69. Calc. for 
CosH3,;07,N: C, 64.12; H, 7.85. Infrared spectrum (Nujol): no OH, 1732 (—COOH), 
1677 (a-8 unsaturated ketone), 1597 (lactam), 692 (cis-disubstituted double bond). 


8-Deoxyisolycoctonam 

Isolycoctonam (302 mg) in a mixture of acetic acid and 10 ml of acetic anhydride 
was heated under reflux, and then zinc dust (15 g) was added portionwise over a period 
of 14 hours. The cold solution was filtered and evaporated. Methanol was added and 
the solution evaporated. The residue was then dissolved in methylene chloride, washed 
with dilute sodium carbonate solution, dried (Na2SO,), and evaporated to give 327 mg 
of a colorless oil. 

Hydrolysis of this material was accomplished by refluxing for 1 hour a solution of 
the above oil in 3% potassium hydroxide in 60% aqueous methanol. After most of the 
methanol was removed, water (15 ml) was added and the solution extracted with methyl- 
ene chloride. Evaporation of the dried extract gave 273 mg of a colorless froth which 
was chromatographed on alumina (8.2 g activity III). Chloroform and chloroform- 
methanol eluted 192 mg of material which crystallized from ether. Recrystallization 
from ether—hexane gave colorless prisms, m.p. 110—-125°. Found: C, 64.62; H, 8.44; 
OCH, 26.46. Cale. for CosH3907N: C, 64.49; H, 8.44; 40CH;, 26.63. Infrared spectrum 
(Nujol): 3360 (OH), 1695 (ketone), 1645 (lactam). 


Action of Sodium Amalgam on 8-Deoxyisolycoctonam 

8-Deoxyisolycoctonam (50mg) was dissolved in 5 ml absolute ethanol, and 5% 
sodium amalgam (600 mg) added. After the solution was shaken for 1} hours it was 
filtered, evaporated to 1 ml, diluted with water, and extracted with methylene chloride. 
The dried extract yielded 38 mg of froth. This crystallized from ether as plates, m.p. 
176-189°. Two recrystallizations from acetone-ether raised the melting point to 197-199°. 
[a]?* —29.1° (c, 0.79 in ethanol). Found: C, 66.08; H, 8.83; OCHs;, 21.63. Calc. for 
CogH3g06N: C, 65.87; H, 8.98; 30CH3, 21.27%. Infrared spectrum (Nujol): 3365 and 
3480 (OH), 1605 (lactam). 


Desmethanol secohydroxylycoctonam Ketolactone Isomer (XIV) 

A solution of 37 mg of desmethanol secohydroxylycoctonam ‘‘diketone’’ monoacetate 
(1) in a mixture of 5 ml of methanol and 5 ml of 2.5% aqueous potassium hydroxide 
was refluxed for 40 minutes. After the methanol was removed, the solution was extracted 
with chloroform. This extract, after drying, yielded 1 mg of material. The aqueous 
solution was acidified (H»2SO,4), extracted with chloroform, the extract washed with 
water, dried, and evaporated. The residue, 34 mg, crystallized from acetone—hexane 
and after two recrystallizations had m.p. 235-242°C. Its infrared spectrum (1745 
(lactone), 1708 (ketone) (weak), 1675 (a-8 unsaturated ketone), 1650 (lactam)) showed 
this to be predominantly an a-8 unsaturated keto-d-lactone. The compound was dried 
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for 7 hours at 140°, 1X10-* mm. Found: C, 60.61; H, 7.66. Calc. for CogH330gN .3H.O: 
C, 62.01: H, 7.25. 


Strongly Adsorbed Lead Tetraacetate Cleavage Product 

(a) A solution of 13 mg of the compound (dried for 10 hours at 100°, 1X10-* mm; 
found: C, 60.07; H, 7.40; calc. for C2sH37ON: C, 60.59; H, 7.53) in 2 ml of 2.5% potas- 
sium hydroxide solution was heated on the steam bath for 55 minutes. The yellow 
solution was extracted thoroughly with chloroform and the chloroform extracts back- 
washed with dilute alkali. The combined aqueous layers were acidified and extracted 
with chloroform giving 11 mg of acid which could not be induced to crystallize. 

(6) Adsorption of the compound on a 25-fold ratio of acid-washed alumina, activity 
3, failed to eliminate cleanly the elements of methanol. 

(c) The compound was subjected to flash pyrolysis at 220°, 1X10-*mm in 5-mg 
lots. The colorless glass which distilled out of the hot zone crystallized readily from 
acetone-ether giving a first crop, m.p. up to 220°. After two recrystallizations the 
compound melted at 235° with sintering at 225°, vmax 3440, 1745, 1673, 1650 cm—. This 
did not depress the melting point of the 242° lactone (XIV) and the two gave identical 
X-ray powder patterns. 


Action of N-Bromosuccinimide on 17-Desoxyisolycoctonine 

. A solution of 18 mg N-bromosuccinimide in 3 ml of dry ethanol-free chloroform was 
added to a solution of 37 mg of 17-desoxyisolycoctonine in 1 ml dry, ethanol-free chloro- 
form. An immediate yellow color developed which slowly faded and was replaced by a 
slight pink coloration. After 5 minutes no N-bromosuccinimide remained (starch—iodide 
test), and the solution was diluted with chloroform, washed with dilute Na2SO; solution, 
dried, and evaporated. The residual 42 mg of oil was converted to its perchlorate, which 
could not be induced Ps crystallize. The corresponding hydrochloride had yg, 2680, 
2470, 1602 cm™ (ONH.) and 1673 cm7! cn). 

The product obtained by refluxing a solution of the amorphous hydrochloride in 
dimethylformamide for more than 1 hour failed to crystallize or give a crystalline per- 
chlorate. Isoatisine hydrochloride was 50% isomerized (by rotation) on refluxing for 
4 hour in this solvent. 

Parallel experiments using osmium tetroxide as oxidizing agent were similarly un- 
successful. 
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THE CARBONYL STRETCHING BANDS IN THE INFRARED SPECTRA 
OF UNSATURATED LACTONES! 


R. N. Jones, C. L. ANGELL,? T. ITo,? AnD R. J. D. SmrtH® 


ABSTRACT 


Certain types of unsaturated lactones exhibit two bands in the region of the spectrum 
associated with the C—O stretching vibrational mode. This is observed both in the infrared 
and Raman spectra. 

The infrared spectra of 23 simple saturated and unsaturated lactones have been examined 
in an attempt to determine the structural features with which this carbonyl band splitting is 
associated. It appears to be common to most unsaturated five- and six-membered ring lactones 
in which the double bond is conjugated with the carbonyl group, though one well-established 
exception has been observed. The relative intensities of the two bands are extremely sensitive 
to changes in the polarity of the solvent; they also vary reversibly with temperature but are 
independent of concentration. 

The splitting of the C—O stretching band is attributed to an intramolecular vibrational 
effect similar to that which occurs in cyclopentanone and in certain A*-cyclopentenone 
derivatives. Its possible dependence on Fermi resonance with the overtone of a lower lying 
fundamental vibration is discussed. 

Similar effects occur in other types of carbonyl compounds, such as benzoyl chloride and 
cyclic five-membered ring anhydrides, and care is needed to distinguish carbonyl band splitting 
of this kind from that associated with equilibria between conformational isomers. 


INTRODUCTION 


In the course of a systematic survey of the infrared spectra of steroids, it was observed 
(1, 2) that compounds containing the unsaturated lactone rings of I and II show anomalous 
absorption in the region of the carbonyl stretching bands. The single absorption band 
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expected for the stretching vibration of the lactone carbonyl is replaced by two bands, 
the relative intensities of which are extremely sensitive to the solvent polarity. 

The steroids in which the effect was first observed contained hydroxy and acetoxy 
groups in addition to the lactone ring; this complicated study of the lactone carbonyl 
absorption and suggested that the bands might involve inter- or intra-molecular hydrogen 
bonding, or some other interaction between the lactone and the functional groups of the 
ring system. The spectra of a series of simple model compounds have therefore been 

1Manuscript received June 29, 1959. 
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Presented, in a. at the International Conference of the European Molecular Spectroscopy Group, Freiburg- 
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investigated. These compounds show the same anomalies as the steroid lactones, and 
the effects of solvent, temperature, and small structural changes on the carbony] stretch- 


ing band system have been investigated. 


EXPERIMENTAL 


The compounds examined have the structures III-X XV; they include four saturated 
y-lactones (III-VI), 13 unsaturated y-lactones (VII-—XIX), one saturated 6-lactone 
(XX), and five unsaturated 6-lactones (XXI-XXV). The majority of these compounds 
were synthesized specifically for this investigation, and the preparative details and 
structural characterization are noted briefly below. 


CH;—(CH;)» 
Ao H,C% oo 
Il IV 
ae 
VI VII 
VIII 
IX 
x 
XI 
XII 
Poe ag 
H.C’ ‘o”No H.c% ‘o’ Yo 
XIII XIV 
R 
R 
Vj 
ys 
7 XVI R=|—H 
O XVII R =—OCH; 
Ko () 
oO 0’ No 
XIX XxX 
R 
b % CXS 
‘o’ No 0’No 
XXII R=—H XXIV 


XXIII R = —CHs 





R= 


R 


aoa 
ve oo 
‘ 


\o’No 
—(CH:z);—CH; 
—(CHe)s—CH; 

CH.—CH 
ae ee 


NCH.—CH,; 


N\CH.—CH% 


CH—CH 
= @ \ 
— Cc 
\CH=CH% 


o6 
C=O 
\o% 


X\ 


CH: 


! 


, 
H:C% ‘0’ No 


XVIII 














JONES ET AL.: CARBONYL STRETCHING BANDS 2009 


Synthesis and Characterization of Compounds 

Ill. 8-n-Hexyl-butanolide.—Prepared by hydrogenation of VIII with 5% Pd on char- 
coal in methanol at 1 atm Ho. 

IV. y-Methyl-butanolide.—Prepared from XIII by hydrogenation under the same 
conditions as III, b.p. 83° (10 mm). 

V. y,y-Dimethyl-butanolide.—Prepared as III from XIV, b.p. 80° (10 mm). 

VI. trans-Cyclohexanol-2-acetic acid lactone.—Prepared as described by Newman and 
VanderWerf (3), b.p. 142° (20 mm). 

VII. A%’-Butenolide.—Prepared as described by Smith and Jones (4), b.p. 86-87° 
(12 mm). Found: C, 57.03%; H, 4.94%. Calc.: C, 57.14%; H, 4.80%. 

VIII. 8-n-Butyl-A**-butenolide.—Prepared as described by Rubin, Paist, and Elder- 
field (5); the product was repeatedly distilled until free from bromine, b.p. 101-101.5° 
(1 mm) 2 1.4715. 

IX. 6-n-Hexyl-A%8-butenolide.—Prepared as VIII, b.p. 120-121° (2mm). Found: C, 
70.99%; H, 9.63%. Calc.: C, 71.40%; H, 9.59%. 

X. 6-Cyclopentyl-A*-butenolide.—Prepared as VIII, b.p. 120-121° (2mm). Found: 
C, 70.18%; H, 8.00%. Calc.: C, 71.02%; H, 7.95%. 

XI. 8-Cyclohexyl-A*-butenolide.—Prepared as VIII, b.p. 143-144° (5 mm). Found: 
C, 72.36%; H, 8.61%. Calc.: C, 72.28%; H, 8.43%. Ultraviolet spectrum: Amax 2215 A 
log €max 3-33 (n-heptane solution). 

XII. 6-Phenyl-A*8-butenolide.—Prepared as VIII. Recrystallized five times from 75% 
aqueous methanol, m.p. 94°. Ultraviolet spectrum: Amax 2020 A log €max 4.343 Amax 2070 A 
log €max 4-24; Amax 2530 A (broad) log émax 4.37 (n-heptane solution). 

XIII. 8-Angelica lactone.—Prepared by isomerization of the a-isomer with triethyl- 
amine (6). Some residual a-isomer was removed by hydrolysis and redistillation (7) but 
the product still contained 7-10% of the a-isomer as estimated from the infrared spec- 
trum, b.p. 83° (10 mm). 

XIV. y,y-Dimethyl-A*8-butenolide.—Prepared as described by Haynes and Jones (8) 
and purified by chromatography on a neutralized alumina column from petroleum 
ether — benzene (2:1), b.p. 80° (10 mm). 

XV. (2-Hydroxy-1-cyclohexylidine)-acetic acid lactone.—Prepared as described by New- 
man and VanderWerf (3), b.p. 130° (5 mm); m.p. 30°. Ultraviolet spectrum: Amax 2215 A 
log €max 3-26 (n-heptane solution). 

XVI. Phthalide—Commercial sample recrystallized twice from water, m.p. 72°. 

XVII. 5,6-Dimethoxyphthalide.—Sample provided by Dr. O. E. Edwards. Recrystal- 
lized twice from water, m.p. 156—-157°. 

XVIII. a-Angelica lactone—Commercial sample purified by distillation, b.p. 52° 
(10 mm); m.p. 18°. 

XIX. 2-Hydroxy-(A'-cyclohexenyl)-acetic acid lactone.—Prepared as described by 
Newman and VanderWerf (3), b.p. 110° (5 mm). 

XX. 6-Valerolactone.—Prepared by hydrogenation of XXI under the same conditions 
as III, b.p. 107° (7 mm). 

XXI. 5,6-Dihydro-a-pyrone.—Prepared as described by Haynes and Jones (8), b.p. 
105° (7 mm). Ultraviolet spectrum: Amsax 2195 A log émax 2.87 (n-heptane solution). 

XXII. a-Pyrone.—Prepared as described by von Pechmann (9), m.p. 5°. 

XXIII. 5-Methyl-a-pyrone.—Prepared as described by Fried and Elderfield (10), 
m.p. 17-19°. 

XXIV. Coumarin.—Commercial sample purified by vacuum sublimation, m.p. 70°. 
XXV. y-Pyrone.—Sample supplied by Dr. O. E. Edwards, m.p. 32°. 
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Spectroscopic Measurements 

Most of the infrared spectra were measured in carbon tetrachloride, carbon disulphide, 
or chloroform solution on a Perkin-Elmer 112 spectrometer. A calcium fluoride prism 
was used above 1300 cm™ and a sodium chloride prism below. After correction for 
background and solvent absorption the spectra were plotted as apparent molecular 
extinction coefficient against wave number (11). Several of the spectra were also deter- 
mined as thin liquid films on a Perkin-Elmer Model 21 spectrophotometer with sodium 
chloride prism. The estimated precision of the carbonyl band positions reported in 
Tables I and II is +2 cm. Only portions of selected spectra are shown here, but the 
complete series of spectra will be published separately (12). A standard Perkin-Elmer 
heated cell was used to obtain the spectra of liquid films at elevated temperatures, and 
the spectrum of 8-phenyl-A*-butenolide at liquid nitrogen temperature was measured 
on equipment kindly made available to us by Dr. H. J. Bernstein. 


TABLE I 


Positions and intensities of absorption bands between 1850 and 1550cm™ in the infrared spectra of 
lactones exhibiting ‘doublet carbonyl’’ absorption 














Band A Band B 
(a) (a) ‘ 
Vmax €max Vmax €max Intensity 
Compound Solvent (cm) (cm) (cm) (cm) ratio* Other bandst 
VII A%_Butenolide CCh 1784.5 1240 1742 98 12.6 
CHCl; 1777.5 790 1745 565 1.4 1618(18); 1601(31) 
VIII B-n-Buty!-A%4_butenolide CClk 1785 1075 1752 430 2.5 1643(96) 
CHCl; 1784 335 1748 900 0.37 1638(125) 
IX -n-Hexyl-A°-butenolide CChk 1787 1000 1754 405 2.45 1642(116) 
CHCls 1785 330 1750 915 0.36 1639(122) 
x B-Cyclopentyl-a®?-butenolide CCk 1785 1175 1756 495 2.4 1638(117) 
CHCl; 1784 335 1750 920 0.36 1636(136) 
XI B-Cyclohexy!-A°*-butenolide CCh 1785 695 1764 540 1.30 1648(50); 1636(53) 
CHCl; 1782 225 1748 850 0.26 1647(56); 1633(66) 
XII 6-Pheny]-A%8-butenolide CcCkh 1786 1805 1758 975 1.85 1694(25); 1628(180) 
CHCl; 1789 335 1751 1400 0.24 1712(75); 1626(275) 
XIII 8-Angelica lactone CcCkh 1782 900 1765 470 1.92 1735(220) 
' CHCl; 1783 270 1759 940 0.29 1742(490); 1634(60); 1602(138) 
XIV +,y-Dimethy]-A%8-butenolide CCh 1776 635 1764 650 0.96 
CHCls 1774 295 1754 975 0.30 1604(27) 
XV (2-Hydroxy-cyclohexylidine)- CCh 1779 855 1764 605 1.41 1653(183) 
acetic acid lactone CHCl; 1755 640 1740 830 0.77 1649(205) 
XXII a-Pyrone CCh 1752 1480 1716 115 12.8 1780(114); 1640(60) ; 1622(55) 
CHCl; 1739 1080 1721 920 1.17 1785(46); 1640(45); 1625(100) 
XXIII 5-Methyl-a-pyrone CCh 1753 1505 1731 445 3.4 1657 (65) ; 1647(50)t 
CHCls 1750 440 1719 990 0.45 1648(135); 1640(45) ;¢ 
1544(190) 
XXIV Coumarin CcCk 1757 1100 1743 1290 0.85 
CHCl; 1757 275 1731 1000 0.275 
XXV 7-Pyrone CChk 1678 1270 1657 320 3.7 1730(22); 1695(180) ; 1619(87) 
CHCls 1674 980 1661 1210 0.81 1740(18); 1698(63); 1632(180) ; 


1613(216) 





+o Band A/e2 Band B. G) 
a 


tBand positions are reported in cm= followed by intensities (€max) in parentheses. 
tInflection. 


The Raman spectra were measured in 0.2-ml cells on a Cary Model 81 spectrophotom- 
eter using Hg 4358-A excitation at a spectral slit width of 6 cm. Ultraviolet spectra, 
determined for identification purposes only, were measured on a Cary Model 12C 
spectrophotometer in ethanol and n-heptane solution; these spectra were in good accord 
with those reported previously in the literature (8, 13). Most previous investigators 








’ 
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TABLE II 


Positions and intensities of absorption bands between 1850 and 1550cm™ in the infrared spectra of 
lactones exhibiting “singlet carbonyl” absorption 














Carbonyl band 








(a) 





Vmax €max 
Compound Solvent (cm) (cm7) Other bands* 

III 8-n-Hexyl-butanolide CS. 1792 — 
CHCl; 1777 -- 
IV y-Methyl-butanolide CS. 1790 — 
CHCl; 1775 -— 
V_y,y-Dimethyl-butanolide CS. 1785 -— 
CHCl; 1775 — 

VI trans-Cyclohexanol-2-acetic acid lactone CCl, 1793 1050 1710(20) 

CHC; 1779 780 1716(40) 
XVI Phthalide CCl, 177 _ 
CHCl; 1761 — 
XVII 5,6-Dimethoxyphthalide CCl, 1772 — 
' CHCl; 1752 — 

XVIII a-Angelica lactone CCl, 1806 675 1722(27); 1686(60); 
1678(45) 
CHCl; 1796 435 1722(110);1683(57) 

XIX 2-Hydroxy-(A!-cyclohexene-1-yl)-acetic acid CCl, 1819t 470 1708(65) 

lactone CHCl; 1798t 450 1709(335) 
XX _ 6-Valerolactone CS, 1750 — 
CHCl; 1732 = 
XXI_ 5,6-Dihydro-a-pyrone CCl, 1743 1080 


CHCl; 1729 830 





*Band positions are reported in cm~, followed by intensities (6a) ) in parentheses. 
+Broad unsymmetrical band. 


have measured the ultraviolet absorption spectra of A**-butenolides in ethanol solution, 
and under these conditions the maximum occurs near 2100 A. The band is displaced 
bathochromically to 2200-2215 A in n-heptane, where it is more easily observed and 
more precisely measured. A representative ultraviolet spectrum in n-heptane has been 
published elsewhere (4). 


Molecular Weight Measurements 

Molecular weights in solution were kindly determined for us by Dr. A. F. Sirianni 
of the Applied Chemistry Division of the National Research Council by measurement 
of the depression of the solvent vapor pressure, using the technique developed by 
Puddington (14). 


RESULTS 


The typical doublet carbonyl absorption of the conjugated unsaturated y- and 
6-lactones is illustrated by the infrared spectra of A*’-butenolide (VII), 8-cyclopentyl- 
A*-butenolide (X), and 5-methyl-a-pyrone (XXIII) in Figs. 1-3. It is characteristic of 
this absorption that the high frequency component (Band 4A) is more intense in carbon 
tetrachloride, and the relative intensities tend to reverse in chloroform solution. This is 
identical with the behavior of the lactone carbonyl bands of the steroids I and II. The 
positions and intensities of these bands for all lactones exhibiting the doublet absorption 
are given in Table I, while the carbonyl bands of lactones showing normal behavior are 
summarized in Table II. 

Before discussing this absorption it will be convenient first to record some additional 
experiments that illustrate the effect of various environmental factors on these bands. 
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Fic. 1. Infrared spectrum of AeS-butenolide in the region of the C=O stretching absorption. 

Fic. 2. Infrared spectrum of 8-cyclopentyl-Ae8-butenolide in the region of the C—O stretching absorp- 
tion. 

Fic. 3. Infrared spectrum of 5-methyl-y-pyrone in the region of the C=O stretching absorption. 


Most of these measurements were made with 6-n-hexyl-A**-butenolide (IX), as this was 
the lactone in most plentiful supply. The phenyl derivative (XII) with melting point 
94° was used for solid phase studies since most of the other lactones are liquids or low 
melting solids. We are satisfied, however, that these effects are general to all the lactones 
exhibiting the split carbonyl bands. 


Solvent Effects 

In carbon disulphide the spectrum of 8-n-hexyl-A**-butenolide in the region of the 
carbonyl bands is similar to that in carbon tetrachloride, while the spectrum of the 
pure liquid is similar to that in chloroform. The spectrum in acetonitrile and methanol 
also resembles the spectrum of the chloroform solution, but the inversion of the band 
intensities is more accentuated (Table III). These band intensity changes are reversible 
when. the same sample of lactone is examined successively in a series of different solvents. 

In the last two columns of Table III are given the dipole moments and dielectric con- 
stants of the solvents. Although the relative intensity of the low frequency band (Band 
B) increases with the solvent polarity, the relationship is not a simple one. This, however, 
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TABLE III 
Doublet carbonyl] absorption of 8-n-hexyl-Ae8-butenolide in various solvents 








Band A Band B Intensity Dielectric Dipole 
ratio constant moment 

sence <2. a &®. (Band A/ of of solvent 

Solvent (cm) (cm) (cm) (cm) Band B) solvent (Debye) 








tb 
o 


CCl 1787 1754-405 
CS. 1782 1750 410 
CHCl; 1785 3: 1750 900 
CH;OH 1783 1741 750 
CH;CN 1783 1750 1050 


CCl, sat. HCl 1786 1752 460 
CHC; sat. HCl 1785 1749 880 


CHC1,;(20%) /CC1,(80%) t 1785 1751 785 
CHC1;(50%) /CCl4(50%) 1785 1752 865 


*Benzene solution. 
+Percentage by weight. 


2.238 (20° C) 0.0 
2.641 (20° C) 0.0 
4.806 (20° C) 1.20 
32.03 (25° C) 3.01 
37.5 (20°C) 3.4/3.5* 
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Fic. 4. Effect of solvent on the C—O stretching absorption of 6-n-hexyl-A«8-butenolide. 


would hardly be expected in the light of recent studies of solvent effects (15). The 
sensitivity of the bands to the solvent polarity is illustrated by the curves for mixed 
carbon tetrachloride/chloroform solvents shown in Fig. 4. With increase in the chloro- 
form concentration the relative intensities of the bands change progressively; the position 
of Band A remains unchanged while Band B shifts slightly from 1754 cm~! to 1750 cm™. 
Saturation of either solvent with dry hydrogen chloride, which might catalyze a chemical 
bond shift, has no effect on the band positions or intensities. 


Concentration Effects 

The spectrum of 8-n-hexyl-A*’-butenolide in the region of the carbonyl stretching 
bands was measured both in carbon tetrachloride and in chloroform solution over a 
concentration range from 0.001 M to 0.03 M, and no significant change in the ratios 
of the band intensities was observed. When this is considered in conjunction with the 
similarity of the spectrum of the pure liquid to that of the dilute solutions in chloro- 
form, it strongly suggests that we are not dealing with an association phenomenon; this 
is borne out also by the molecular weight measurements discussed below. 
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Temperature Effects 

The effect of temperature increase on the spectra of liquid films of 6-n-hexyl-A%- 
butenolide and 5-methyl-a-pyrone is shown in Figs. 5 and 6. In both cases there is a 
pronounced enhancement of the relative intensity of the high frequency component as 
the temperature rises. This effect is reversed on cooling. The decrease in the absolute 
intensity in the heated film in Fig. 5 is a secondary consequence of the decrease in the 
thickness of the capillary film layer. 
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Fic. 5. Effect of temperature on the C—O stretching absorption of a liquid film of 8-n-hexyl-Ae8-buteno- 
lide. 
Fic. 6. Effect of temperature on the C=O stretching absorption of a liquid film of 5-methyl-y-pyrone. 


The spectrum of 8-phenyl-A**-butenolide, measured as a crystalline film at room 
temperature and when cooled with liquid air, is shown in Fig. 7. Both spectra show 
the doublet carbonyl peaks. The minor bands and inflection may be due to incomplete 
compensation for water vapor absorption. 


Raman Spectra 
The Raman spectra of A*’-butenolide and its 6-n-butyl derivative have been deter- 
mined for the pure liquids and for solutions in carbon tetrachloride and chloroform. The 
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Fic. 7. Effect of temperature on the C=O stretching absorption of a solid crystalline film of 8-phenyl- 
Ae8-butenolide. 
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Raman spectrum of 8-phenyl-A**-butenolide was also measured in both solvents. These 
spectra show the same doublet carbonyl! bands as do the infrared spectra with intensity 
variations in the same sense. The C=C stretching bands are relatively more intense 
than in the infrared spectrum, as is normally the case. A representative pair of Raman 
spectra is shown in Fig. 8. 
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Fic. 8. Effect of solvent on the C—O stretching bands in the Raman spectrum of 8-n-buty]-Ae8-butenolide. 














TABLE IV 
Molecular weights of A*®-butenolides in solution 














Concn. 
(mg/100 mg Temp. 
Solvent of solution) (CC) Mol. wt. 
(A) B-Phenyl-A°%-butenolide (XII)* 
Benzene 1.360 38 169.5 
0.735 38 166.5 
0.64 38 172.2 
0.765 36 173.9 
0.735 36 175.8 
0.570 36 174.3 
Ethanol 1.309 38 183.5 
1.00 38 184.6 
0.754 38 185.6 
0.756 36 167.3 
0.696 36 178.0 
0.542 36 178.5 
(B) Digitoxigenin acetate (I)ft 
Toluene 2.31 50 511 
1.6 50 485 
1.55 50 479 
2.15 70 470 
1.65 70 436 
1.5 70 423 
1.32 70 445 
1.1 70 447 
Ethanol 3.02 50 454 
2.35 50 411 
1.67 50 422 





*Mol. wt. of monomer (calc.) 160. 
tMol. wt. of monomer (calc.) 416. 
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Molecular Weights in Solution 

Accurate molecular weight determinations on solutions of the lower melting and 
liquid lactones could not be obtained because of their finite vapor pressure. Measure- 
ments are reported in Table IV for 8-phenyl-A**-butenolide (m.p. 74°) and for digitoxi- 
genin acetate (I) (R = —OAc) (m.p. 217°). Although these data all indicate some 
degree of association in solution, there is no significant difference between the measure- 
ments in the more polar and less polar solvents that might reasonably be correlated 
with the spectral changes. The spectrum of 6-phenyl-A**-butenolide in benzene shows 
the typical non-polar solvent pattern with strong reversal of the band intensity in 
ethanol. These molecular weight measurements therefore exclude any explanation of 
the carbony! band splitting based on dimeric or polymeric association. 


DISCUSSION 


The infrared literature contains numerous examples of monocarbonyl compounds that 
exhibit two or more prominent bands between 1900 and 16590 cm—. In the absence of 
other acceptable explanations, both bands are usually assigned to vibrations involving 
the carbonyl group. In a number of cases these doublet carbonyl peaks have been 
attributed to equilibria between conformational isomers. 

This interpretation is usually based on the demonstration that the relative intensities 
of the two peaks are temperature- and solvent-dependent, but are independent of the 
concentration. It must also be possible to write a pair of conformationally isomeric struc- 
tures that are plausible on both thermodynamic and spectroscopic grounds. This requires 
that the energy difference between the two forms will be small enough to allow a signi- 
ficant concentration of the less stable form to exist in equilibrium at room temperature, 
while the energy barrier to interconversion must be small enough to permit rapid attain- 
ment of the equilibrium. It is also necessary that the inductive, mesomeric, and field 
effects on the carbonyl group must differ sufficiently in the two forms to induce a signifi- 
cant displacement of the two carbonyl frequencies. 

The doublet carbonyl peaks of the lactones considered here do show the necessary 
solvent and temperature dependence and concentration independence, but for them it 
is not possible to write pairs of stable conformationally isomeric structures within the 
framework of current views of molecular structure. A similar situation occurs for cyclo- 
pentanone (16), which also exhibits a split carbonyl band, and for certain A*-cyclo- 
pentenones that have been studied by Yates and his collaborators (17, 18). In both the 
latter cases it has been shown that the splitting of the carbonyl band must involve an 
intramolecular vibrational property of the molecule, since it disappears when certain 
of the hydrogen atoms are exchanged for deuterium. So far our attempts to introduce 
deuterium into the a@-unsaturated-y-lactone ring have been unsuccessful, but there 
can be little doubt that the nature of the carbonyl band splitting is similar to that 
in cyclopentanone and in the A*-cyclopentenones. 

Assuming that an intramolecular vibrational effect is involved, it must depend on 
some form of coupling between the carbonyl stretching mode and another vibration. 
This would seem to require an accidental degeneracy between the C=O stretching 
mode and an overtone or combination band, i.e. a Fermi resonance. We have come to 
accept this explanation for the lactone spectra with some reluctance, since, a priori, it 
seemed highly unlikely that such accidental degeneracy would occur through such a 
wide range of different types of structure. Thus it is necessary that the overtone or com- 
bination band must be entirely uninfluenced by the nature of the substituent on the 
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8-carbon atom. The lack of coupling between the vibrations in the ring and in the §-side 
chain of the A**-butenolides is demonstrated in the spectrum of the 8-pheny] derivative. 
The carbonyl bands of this compound show practically no shift from those of compounds 
containing 8-alkyl groups (cf. VIII and XII in Table I). Models demonstrate that in 
8-phenyl-A**-butenolide there is no steric hindrance to a structure in which the aromatic 
and lactone rings are coplanar, but nevertheless there must be negligible z-electron flow 
between the rings in the ground state of the molecule. 

In terms of a Fermi resonance hypothesis, it is also surprising that the perturbation 
effects on the five- and six-membered ring lactones should be identical (cf. Figs. 2 and 
3). In looking for common structural features among the compounds in Table I we do 
observe that all contain the partial structure X XVI, and this closely resembles XXVII 
which Yates and Williams have demonstrated to be necessary for carbonyl band splitting 
n A*-cyclopentenones (18). On the other hand it must also be noted that the a$-un- 





\o/ No ro 
XXVI XXVII 


saturated-s-lactone XXI which does contain the partial structure XXVI shows the 
-normal singlet carbonyl maximum. The possibility must be considered that an element 
of fortuitousness exists in the seemingly similar behavior of the y- and 6-lactones, and 
this will arise again when numerical relationships with possible low-lying fundamental 
vibrations are considered. In y,y-dimethyl-A*%*-butenolide (XIV) the doublet is also 
rather poorly resolved. 

In the infrared spectra of the saturated five-membered ring lactones (III-VI) the 
singlet carbonyl peak occurs at 1795-1785 cm™ in carbon tetrachloride solution. In the 
absence of vibrational perturbation effects, this frequency would be expected to fall by 
about 20 cm on introduction of the conjugated double bond to form the A**-butenolide 
ring. This would place the ‘“‘normal’”’ A*-butenolide carbonyl band in the range 1775- 
1765 cm~'. However, the shortening of the a6-bond will reduce the internal ring angles, 
and this will have a secondary effect, changing the hybridization to put more sp? 
character into the external bonds, and raising the carbonyl frequency slightly, perhaps 
to 1780-1770 cm“. 

A survey of the complete spectra of the A*’-butenolides (12) shows that there is usually 
a band (v2) in the region 900-875 cm-', the first overtone of which (22) might couple 
with the carbonyl stretching mode to provide the postulated Fermi resonance split. 
These frequency relationships are summarized in Table V. In most of the compounds 
v2 is one of the strongest bands in this region of the spectrum. It might be identified 
with the out-of-plane deformation vibration of the hydrogen atom on the a-carbon 
atom, and this would be consistent with the presence of structure XXVI. In some of 
the compounds, however (notably XIII and XIV), the band is weak. 

From Table V it will be seen that v2 is displaced upwards with change from carbon 
tetrachloride to chloroform solvent, while v;, the arithmetical mean of the two carbonyl 
frequencies, moves in the opposite direction. In the last column of Table V the difference 
v1 —2v2 is given. In the absence of anharmonicity, the Fermi resonance coupling should 
depend inversely on the numerical value of this difference, irrespective of the sign. This 

might be changed if 2v2 is lowered below »; by a strong anharmonicity term. A**-Buteno- 
lide itself is an exception, and for this compound stronger coupling would be expected 





2018 CANADIAN JOURNAL OF CHEMISTRY. VOL. 37, 1959 


TABLE V 
Relationships between positions of carbonyl bands and other bands that might enter into Fermi resonance 








‘ 





Mean 
carbonyl 
i frequency 

Compound Solvent* vi = 3(vatve) ‘v2 2v2 v1 —2v2 
Ae8-Butenolide (VII) CCl, 1763 (cm) 869 1738 —25 
CHCl; 1761 877 1754 -—7 
B-n-Butyl-Ae8-butenolide (VIII) CcCh 1768 878 1756 +12 
CHCl; 1766 891 1782 —16 

B-n-Hexyl-Ae8-butenolide (IX) CCl, 1770 881 1762 + 8 
CHCl; 1767 894 1788 —21 

B-Cyclopentyl-A¢8-butenolide (X) CCl, 1770 882 1764 + 6 
CHCl; 1767 893 1786 —19 

B-Cyclohexy!-Ao8-butenolide (XI) CCl, 1774 878 1756 +18 
CHCl; 1765 899 1798 —33 

8-Phenyl-Ae8-butenolide (XII) CCl, 1772 886 1772 0 
CHCl, 1770 895 1790 —20 

B-Angelica lactone (XIII) CCl, 1773 878t 1756 +17 
CHCl; 1771 887+ 1774 - 3 

y,y-Dimethyl-Ae8-butenolide (XIV) CCl, 1770 885t 1770 0 
CHCl; 1764 890t 1780 —16 

(2-Hydroxy-1-cyclohexylidine)-acetic acid CCl, 1771 881 1762 +9 
lactone (XV) CHCl; 1747 894 1788 —41 
a-Pyrone (XXII) CCl, 1734 833 1866 +68 

CHCl, 1730 a — — 

5-Methyl-a-pyrone (XXIII) CCl, 1742 822 1644 +98 
CHCl; 1735 828 1656 +79 

y-Pyrone (XXV) CCl, 1667 846 1692 —25 
CHCl; 1667 851 1702 —35 





*Where the carbonyl] frequency is measured in CCl, the value of vz was taken from measurements in CS. For the measurements 
in CHCls »2 was determined in the same solvent at a higher concentration in an 0.1-mm cell; these measurements were made 
through regions where the solvent is also absorbing, and the band positions may be displaced slightly on this account. 

tThese bands are weaker than those designated v2 in the spectra of the other compounds and their appearance suggests they 
are of a different origin (see reference 12). 


in chloroform. The spectra in Figs. 1 and 2 give no indication of different behavior 
from the substituted A?*-butenolides. 

If we are indeed dealing with a Fermi resonance effect, the anharmonicity of the over- 
tone vibration must be a major factor in connection with the sensitive solvent effects. The 
differential solvent displacements of the two unperturbed combining frequencies will 
influence the magnitude of the coupling, but in addition the resonance involves a per- 
turbation function (designated w,, by Herzberg (19)) which depends on the cubic and 
quartic terms of the potential energy. These terms may be considerably modified by 
the force fields in the solvent—solute complex, particularly in polar media. In regard 
to the effect of temperature on the resonance coupling, it will be noted from Figs. 4-6 
that an increase in temperature alters the band intensities in the same sense as a decrease 
in solvent polarity. The temperature effect on the spectrum may therefore be an indirect 
consequence of the reduction of the polarity of the molecular environment at the higher 
temperature. 

Additional difficulties appear when the 6-lactones are considered. Comparisons of the 
curves for 8-cyclopentyl-A*%-butenolide in Fig. 2 and 5-methyl-a-pyrone in Fig. 3 can 
leave little doubt that essentially the same phenomenon is involved in both cases. How- 
ever, in the 6-lactone infrared spectra the bands that might reasonably be assigned to 
the out-of-plane C—H deformation of the a-hydrogen are displaced to 850-820 cm. 
This would place the pure harmonic overtone at 1700-1640 cm, and it would be necessary 
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to invoke a large negative anharmonicity to raise this sufficiently to allow Fermi resonance 
with the carbonyl frequency. In the infrared spectra of the unsaturated 6-lactones there 
are no suitable infrared active bands nearer to the required position. It is of course 
possible that combination bands rather than overtone bands may be involved, or bands 
inactive in the infrared, as probably occurs in cyclopentanone (16). As yet we have 
had no opportunity to look for such bands in the Raman spectra. 


Similar Effects in Other Compounds 

A survey of other compounds has shown that this type of carbonyl band splitting 
may be much more widespread than is generally recognized. 

In open chain acid anhydrides, the appearance of two carbonyl stretching bands is 
well known and, although probably a vibrational resonance phenomenon, it is distinct 
from the effect we are considering here. In five-membered ring cyclic anhydrides, how- 
ever, it was noted first by Cooke (20) that the carbonyl band of lower frequency can 
itself be resolved into a doublet if the spectrum is measured with good dispersion. We 
have studied this band in maleic anhydride, phthalic anhydride, and naphthalene-1,2- 
dicarboxylic anhydride, and observe that the two components of the low frequency 
carbonyl band of these compounds show an intensity reversal with solvent change 
identical with that of the unsaturated lactones. This is illustrated for maleic anhydride 
in Fig. 9. This is not observed with the open chain anhydrides, and the cyclic structure 
seems to be essential. 
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Fic. 9. Effect of solvent on the C=O stretching absorption of maleic anhydride. 


The doubling of the carbonyl band in benzoyl chloride and some of its derivatives was 
first noted in the Raman spectrum by D. D. Thompson and J. F. Norris (21) in 1924, 
and subsequently by Flett in the infrared spectrum (22). We have confirmed Flett’s 
observation, and it will be seen from Fig. 10 that with change of solvent from carbon 
tetrachloride to chloroform the low frequency ‘“‘carbonyl’’ band of benzoyl chloride 
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_ Fic. 11. Effect of temperature on the C=O stretching absorption of a liquid film of benzoyl chloride. The 
first spectrum at 23° C was determined before heating, and the second one after heating. 


gains in intensity at the expense of the high frequency band. In both solvents the 
relative intensities of the ‘‘carbonyl’’ bands of benzoyl chloride have been shown to be 
independent of concentration over a 200-fold range. The two bands in the spectrum 
of the pure liquid show a reversible temperature effect, the high frequency band increasing 
relative to the low with rising temperature (Fig. 11). This also parallels the behavior 
of the unsaturated lactones. For benzoyl chloride one cannot write conformational 
equilibria involving cis = gauche or s-cis = s-trans forms, unless stable structures 
differing only in the angle between the chlorocarbonyl group and the benzene ring are 
considered; these are highly unlikely and here again we must resort to an interpretation 
based on an intramolecular vibrational phenomenon. It should be added that the possi- 
bility of the second carbonyl peak in the benzoyl chloride spectrum resulting from 
‘ partial hydrolysis to benzoic acid has been disproved by the observation that on addition 
of small quantities of benzoic acid to liquid benzoyl chloride a third band appeared at 
1695 cm—!.* 


*We wish to thank Dr. K. Noack for making these measurements. 
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CONCLUSIONS 


It will be apparent from the above discussion that we are not satisfied that the Fermi 
resonance hypothesis provides a full explanation of these effects, though there can be 
little doubt that some type of intramolecular vibrational effect is involved. It is to be 
hoped that experimental work of this kind will stimulate a more detailed theoretical 
study of vibrational resonance effects in complex molecules, with particular respect to 
the influence of solvent-solute interactions and other intermolecular force fields in the 
liquid phase. 

The organic chemist, who is making increasing use of infrared spectra in the study 
of conformational isomerism and intermolecular association, must be on his guard for 
effects of the type discussed here. Even where it is possible to explain solvent- and 
temperature-dependent changes in spectra in terms of plausible conformational equi- 
libria, such interpretations should not be accepted without further investigation. The 
demonstration that temperature- and concentration-dependent spectral changes can be 
observed in several widely separated regions of the spectrum will strongly substantiate 
an interpretation based on conformational isomerism. If, on the other hand, the spectral 
anomalies can be removed by selective deuteration, it must indicate that they have 
their origin in an intramolecular vibrational effect. 

Finally, we must recognize that cases may arise where this type of vibrational resonance 
effect may be insufficient to induce a complete splitting of a band, but may broaden 
the band and modify its intensity and contour. This may explain the marked difference 
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in the contours of the carbonyl bands associated with the steroid structures XXVIII 
and XXIX which are illustrated in Fig. 99 of reference 29. 

It has been shown recently (23, 24) that the various kinetic ‘‘o-constants’’ of Hammett, 
Taft, and Roberts can be evaluated from measurements of the intensities, positions, and 
half-widths of infrared absorption bands associated with vibrations localized in the reac- 
tive functional group (23, 24). As work of this kind is extended, it will be particularly 
important to watch for small perturbation effects of vibrational resonance which would 
probably have little if any effects on the chemical reactivity of the group, and may cause 
discrepancies between o-constants derived from spectrographic and kinetic measurements. 
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Several C-alkylation products of 9-benzoylfluorene have been prepared. 9-Methyl-9-ben- 
zoylfluorene has been transformed into 9-methyl-10-phenylphenanthrene, 9-phenylphenan- 
threne-10-carboxylic acid, and 1,2:3,4-dibenzfluorenone. 

Phenyl-9-allyl-9-fluorenylmethanol has been cyclized and rearranged in one step to 14- 
methyl-13,14-dihydrodibenz[a,c]phenanthrene. 

Phenyl-9-methyl-9-fluorenylmethyl chloride readily decomposes to 9-methyl-10-phenyl- 
phenanthrene when heated alone or in formic acid, but reacts with silver or mercuric acetates 
to give uurearranged acetate, 


This series of papers will be concerned with reactions of fluorene anions (I), particu- 
larly where R is an electron-demanding group, and with systems potentially capable 
of forming cations (II), the products being utilized in the synthesis of complex polycyclic 


systems. 


We have shown that methyl fluorene-9-carboxylate anion (I, R = COsCHs;) reacts 
rapidly with a very wide range of alkyl halides (1, 2). Of particular interest was the 
formation in good yield of the 9-t-butyl derivative (1). Experiments with 9-benzoyl- 
fluorene anion (I, R = CO-C,Hs) are now reported. 
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The keto form of 9-benzoylfluorene crystallizes from acetone as colorless needles which 
are insoluble in aqueous sodium hydroxide. The enol has been reported only as an oil 
which rapidly passes into the keto form. Solutions of either tautomer in alcoholic sodium 
alkoxide are deep orange, with the color attributed to the anion (I, R = CO-C,H;) 
(3, 4), also referred to as the enolate ion. 

Initial attempts to alkylate the anion (I, R = CO-C,.H;) with methyl or isopropyl 
iodides gave very low yields of the desired products, even when only 1 equivalent of 
methoxide ion was used to generate (I). The low yields were attributed to facile cleavage 
by strong base of the non-enolizable ketonic products, the cleavage being facilitated 
and its direction controlled by the formation of the mesomeric anion (I, R = alkyl), 
Fig. 1. These conclusions found support in the isolation of methyl benzoate and 
9-methylfluorene among the products of attempted methylation. 


1Manuscript received August 24, 1959. 
Contribution from the Department of Chemistry, the University, Hull, East Yorkshire, England. 
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PART I. DERIVATIVES OF 9-BENZOYLFLUORENE! 
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Weaker bases were next examined. Pyridine, piperidine, and triethylamine generated 
the anion (I) from 9-benzoylfluorene as shown by the color of methanolic solutions, but 
apparently formed quaternary salts too rapidly to permit C-alkylation. Suitable con- 
ditions were eventually found in the mixed solvent acetone—methanol containing a little 
water, with potassium carbonate as base. The 9-alkyl-9-benzoylfluorenes (III, R = alkyl) 
prepared in this way were methyl, ethyl, isopropyl, allyl, benzyl, and cyclohexyl, all in 
satisfactory yields. The reaction with t-butyl chloride followed a different course and 
will be discussed in a later paper. 

The structures of the products were shown by their lack of color (the enol ethers 
would be yellow like other 9-fluorenylidene compounds, e.g. see (5)) and by the’ presence 
of carbonyl stretching absorption bands in their infrared spectra. In particular, the 
9-methyl derivative formed an oxime in pyridine solution, was cleaved by strong base 
to 9-methylfluorene, and was reduced to an alcohol by lithium aluminum hydride. 

Compounds of structure (IV) are potential phenanthrene intermediates through the 
cation (II). The transformations of 9-methyl-9-benzoylfluorene are summarized for 
clarity in Fig. 2. Reduction to the alcohol (IV, R = methyl; X = OH) followed by 
dehydration-rearrangement brought about by phosphorus pentoxide in boiling xylene 
gave 9-methyl-10-phenylphenanthrene, which was oxidized* by aqueous sodium di- 
chromate at 250° to a mixture of 9-phenylphenanthrene-10-carboxylic acid (5-10%) and 
1,2:3,4-dibenzfluorenone (70-80%). The acid cyclizes particularly readily, even in cold 
thionyl chloride. Although 1, 2:3,4-dibenzfluorenone becomes readily available by this 
route, insufficient of the acid was obtained to allow synthesis of the phenol (V, R = OH), 
a potential carcinogen. 
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The chloride (IV, R = CH;; X = Cl), prepared from the alcohol by the action of 
warm thionyl chloride, proved to be particularly interesting. It melted with slow decom- 
position in the range 90-100°, varying with the sample. The decomposition was rapid 
at 150° and gave 9-methyl-10-phenylphenanthrene in essentially quantitative yield. 
Related toluenesulphonates also melt with decomposition to phenanthrene derivatives 


*The author is indebted to Dr. D. Fishel of the State University of South Dakota for details of this oxidation 
procedure (6). 
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(1), but attempts to prepare the toluene- or methane-sulphonate of (IV, R = CHs; 
X = OH) were not successful. The formate and acetate have been prepared. The chloride 
was recovered essentially unchanged after heating with methanol, acetic acid, pyridine, 
or quinoline and did not react with sodium iodide in acetone. Decomposition to 9-methyl- 
10-phenylphenanthrene in hot formic acid was complete in 2 hours. It reacted rapidly 
with silver or mercuric acetates in dry acetic acid to give the unrearranged acetate (IV, 
R = CH;;X = O-CO-CHs), the structure of which has been confirmed by esterification 
of the alcohol with acetic anhydride and by reduction of the acetate with lithium 
aluminum hydride back to the alcohol. Under similar conditions neopentyl chloride 
reacts with silver acetate to give the rearranged t-amyl acetate (7). The difference in 
behavior is tentatively attributed to stabilization of the cation (II) by the phenyl 
group. Experiments designed to test this postulate are under way. 

When heated with phosphorus pentoxide and xylene, the allyl derivative (IV, 
R = CH:;CH=CH2; X = OH) underwent dehydration-rearrangement and cyclization 
in one step to 14-methyl-13,14-dihydrodibenz[a,c]phenanthrene (VI, R = CHs), isolated 
as the picrate in almost 90% yield. Like Bradsher and Rapoport (8) and despite rigorous 
purification procedures the hydrocarbon was not obtained crystalline. Dehydrogenation 
gave 14-methyldibenz[a,c]phenanthrene (V, R = CHs) of m.p. 115-116°. Through the 
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kindness of Professor Bradsher it has been established beyond doubt that this is a 
metastable form, the stable form showing m.p. 150—-151° (see Experimental for details). 
The ultraviolet spectrum showed good agreement with that of dibenz[a,c]phenanthrene 
having the bathochromic shift of approximately 3 my associated with the introduction 
of a methyl group. 

The spiro-alcohol (VII) undergoes dehydration-rearrangement under the action of 
phosphorus pentoxide to give 13,14-dihydrodibenz[a,c]phenanthrene (VI, R = H) (2). 
Consequently the reaction of (IV, R = CHxCH=CH:2; X = OH) may follow either of 
the sequences rearrangement-cyclization or cyclization—rearrangement. Cyclization 


+ 
must proceed through the cation R-CH2CHCH; and it is surprising that the mesomeric 


+ 
ion R-CHCH:2CH; is not formed, leading to a derivative of 1,2:3,4-dibenzfluorene. 
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Oxidation of (V, R = CHs;) with aqueous sodium dichromate at 250° gave the pale 
yellow very sparingly soluble acid, characterized as its methyl ester. 

The transformations of (IV, R = CHzCH=CH2; X = OH) are summarized in Fig. 3. 
The corresponding chloride (IV, R = CHxCH=CH:2; X = Cl) failed to yield decom- 
position products useful for the synthesis of (V, R = OH). 
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EXPERIMENTAL 
9-Methyl-9-benzoylfluorene 

To a boiling solution of 9-benzoylfluorene (20 g) (9) in acetone (200 ml) were added 
successively hot methanol (200 ml), a solution of potassium carbonate (15 g, anhydrous) 
in hot water (30 ml), and methyl iodide (25 g). The mixture was boiled gently under 
an efficient reflux condenser for 1 hour during which time the initial deep orange color 
faded to pale yellow. The mixture was diluted with water (800 ml) and a rapid stream 
of air passed through overnight. Next day the crystalline ketone was collected, washed, 
and crystallized from acetone—methanol, from which it separated as large colorless 
tablets (17 g, 81%), m.p. 99-101°, raised to 101-102° by two further crystallizations. 
Found: C, 89.48; H, 5.72%. Calculated for CHO: C, 88.70; H, 5.67%. Carbonyl 
stretching frequency: 1665 cm™. 

The ketone was first obtained by alkylating 9-benzoylfluorene (2.7 g) in cold methanol 
containing sodium methoxide (from sodium, 0.23 g, 1 equivalent) with methyl iodide 
(3 g). The product crystallized from chloroform-hexane as colorless prisms (0.4 g), m.p. 
and mixed m.p. 99-101°. Methyl benzoate and 9-methylfluorene (see below) were 
obtained by distilling the mother liquors. 

The oxime, prepared in pyridine, crystallized from chloroform—hexane as colorless 
needles, more rarely as prisms, m.p. 206-207°. Found: C, 84.66; H, 5.66%. Calculated 
fer CoHi;NO: C, 84.25; H, 5.73%. 

After the ketone (2 g) was warmed for a few minutes with potassium hydroxide (2 g) 
in 95% alcohol (10 ml), isolation and distillation of the neutral product gave 9-methyl- 
fluorene as a rapidly crystallizing oil, which formed bipyramidal prisms from methanol, 
m.p. 45-47°. (Lit. m.p. 45-47° (10).) 


Phenyl-9-methyl-9-fluorenylmethanol 

Reduction of the ketone with ethereal lithium aluminum hydride gave an almost 
quantitative yield of the alcohol, which crystallized from hexane as colorless needles, 
m.p. 100-101°. Found: C, 87.60; H, 5.90%. Calculated for CxH1s0: C, 88.08; H, 6.33%. 
Hydroxyl stretching frequency: 3350 cm~. 


Phenyl-9-methyl-9-fluorenylmethyl Chloride 

The alcohol was warmed for a few minutes with four times its weight “ thionyl 
chloride. After excess reagent was destroyed with water, a solution of the product in 
hexane was passed through a column of activated alumina. The chloride crystallized 
from the eluant as massive colorless prisms (70-85%), melting point with decomposition 
in the range 91—-99°, varying with the sample. ne for two preparations: C, 83.03, 
82.60; H, 5.70, 5.36%. Calculated for CxHi7Cl: C, 82.74; H, 5.62%. 

The chloride was recovered essentially vrs after the solution was boiled with 
moist methanol, acetic acid, pyridine, or quinoline, or with a solution of sodium iodide 
in acetone. More fruitful experiments are recorded below. 


9-Methyl-10-phenyiphenanthrene 

(7) The alcohol (10 g) and phosphorus pentoxide (10 g) were boiled under reflux for 
3 hours with xylene (100 ml). The hydrocarbon, isolated in the usual way, crystallized 
from acetone—methanol as colorless blades (8.7 g), m.p. 98-99°, depressed to 84-90° by 
addition of the alcohol. Found: C, 93.73; H, 6.01%. Calculated for CoHig: C, 93.99; 
H, 6.01%. 
The 1,3,5-trinitrobenzene complex crystallized from methanol as bright yellow silky 
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needles, m.p. 126-128°. Found: C, 67.62; H, 4.15%. Calculated for Ce7HiyN30¢: C, 
67.35; H, 3.98%. 

(it) The chloride (1 g) was carefully pyrolyzed over a microburner until evolution 
of hydrogen chloride ceased. Crystallization of the residue from acetone-methanol gave 
blades (0.7 g), m.p. and mixed m.p. 97-999. 


(iit) The chloride (0.2 g) was boiled under reflux for 2 hours with 98% formic acid 
(100 ml). The product crystallized from hexane as blades (0.15 g), m.p. and mixed 
m.p. 96-98°. 

Phenyl-9-methyl-9-fluorenylmethyl Acetate 

(i) The chloride (1 g) was boiled for 5 minutes with silver or mercuric acetate (2 g) 
in anhydrous acetic acid (100 ml). The acetate slowly crystallized from hexane as color- 
less prisms, m.p. 80-81° after three crystallizations. Found: C, 84.06; H, 5.98%. Calcu- 
lated for CosHaoO2: C, 84.12; H, 6.14%. No trace of the easily crystallized 9-methyl- 
10-phenylphenanthrene could be found. 

(it) The alcohol (0.2 g) was warmed for 12 hours with acetic anhydride (4 ml) con- 
taining 1 drop of concentrated sulphuric acid. The colorless prisms obtained by crystal- 
lization from hexane had m.p. and mixed m.p. 78-80°. 

Reduction of the acetate with ethereal lithium aluminum hydride gave the original 
alcohol, identified by melting point and mixed melting point. 


Phenyl-9-methyl-9-fluorenylmethyl Formate 

Attempts to esterify the alcohol with p-toluenesulphony! or methanesulphonyl chloride 
in pyridine under a range of conditions were unsuccessful. Boiling the crude products 
with 98% formic acid usually gave only unchanged alcohol but occasionally the formate 
was obtained, which slowly crystallized from cyclohexane as massive colorless prisms, 
m.p. 126-128°. Found: C, 84.24; H, 5.83%. Calculated for C22His02: C, 84.05; H, 5.77%. 


9-Phenylphenanthrene-10-carboxylic Acid and 1,2:3,4-Dibenzfluorenone 

In a typical experiment, 9-methyl-10-phenylphenanthrene (13.4 g) was heated at 
250-260° for 8 hours with technical sodium dichromate (25 g) and water (250 ml) ina 
500-ml, rotating autoclave. After the container was cooled and opened, the coatents 
were heated to boiling with the addition of 1250 ml water. Chromium sesquioxide was 
removed by filtration, acidification of the filtrate with dilute sulphuric acid precipitating 
the phenanthroic acid (5-10%). It formed colorless prisms from benzene-hexane, m.p. 
192-193° after two crystallizations. Found: C, 84.65; H, 4.85%. Calculated for C2o,H,O:: 
C, 84.54; H, 4.73%. 

The acid dissolved in cold thionyl chloride to give an orange solution, dilution of 
which with water precipitated 1,2:3,4-dibenzfluorenone, orange needles from heptane, 
m.p. 185-187° (Lit. m.p. 185-186° (11).) 

The chromium sesquioxide formed in the oxidation was contaminated with an orange 
gum, removed by percolation with methylene chloride. The extracted material formed 
orange rods from benzene-hexane (10.1 g), m.p. and mixed m.p. 184—186°. 

The following ketones were prepared as described for the methyl analogue: 

9-Ethyl-9-benzoylfluorene, white needles from hexane, m.p. 129-130°. Found: C, 88.34; 
H, 5.91%. Calculated for C22H1s0: C, 88.56; H, 6.08%. Carbonyl stretching frequency: 
1663 cm. 

9-Isopropyl-9-benzoylfluorene, small colorless prisms from acetone—methanol, m.p. 
226-227°. Found: C, 88.17; H, 6.40%. Calculated for C2;H2O: C, 88.42; H, 6.45%. 
Carbonyl] stretching frequency: 1630 cm™. 
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9-Benzyl-9-benzoylfluorene, white prisms from acetone—methanol, m.p. 134-135°. Found: 
C, 89.81; H, 5.78%. Calculated for Cs;H2,O: C, 89.97; H, 5.59%. Carbonyl stretching 
frequency: 1665 cm~. 

9-Cyclohexyl-9-benzoylfluorene, colorless prisms from methanol, m.p. 121—122°. Found: 
C, 88.33; H, 6.78%. Calculated for C2sH2,O0: C, 88.60; H, 6.86%. Carbonyl stretching 
frequency: 1675 cm“. 

9- Allyl-9-benzoylfluorene, long colorless needles from acetone—methanol, m.p. 91—92°. 
Found: C, 89.11; H, 6.00%. Calculated for C2;His0: C, 89.00; H, 5.84%. Carbonyl 
stretching frequency: 1670 cm. 

Phenyl-9-allyl-9-fluorenylmethanol crystallized as irregular prisms from benzene-hexane, 
m.p. 1382-134°. Found: C, 88.46; H, 6.33%. Calculated for Co:;H20: C, 88.43; H, 6.45%. 

Phenyl-9-allyl-9-fluorenylmethyl chloride formed lustrous plates from methanol, m.p. 
81-82°. Found: C, 83.49; H, 5.78%. Calculated for CosHisCl: C, 83.50; H, 5.79%. De- 
composition of the chloride by pyrolysis or by boiling with formic acid gave only gums, 
from which nothing useful was obtained by oxidation. 


14-Methyl-13,14-dihydrodibenz\a,c\phenanthrene 

The allyl alcohol (20 g) and phosphorus pentoxide (30 g) were boiled under reflux for 
1 hour with xylene (100 ml). The product was a pale yellow viscous oil which formed a 
1,3,5-trinitrobenzene complex, crystallizing as vermilion rods from methanol, m.p. 194- 
195°. Found: C, 68.48; H, 4.23%. Calculated for CosH2:N30¢: C, 68.63; H, 4.17%. This 
complex was not decomposed by passing a hexane solution through a column of activated 
alumina. 

The picrate crystallized from ethanol as maroon needles, m.p. 174-175°. (Lit. m.p. 
170.5-171.0°, corr. (8).) Decomposition of the picrate by passing a benzene solution 
through a column of alumina and evaporation of the eluant gave a colorless oil which 
has defied prolonged attempts to induce crystallization (cf. (8)). 


14-Methyldibenz|a,c|phenanthrene, (9-Methyl-1,2:3,4-dibenzphenanthrene) 

Prepared in almost quantitative yield by dehydrogenating the preceding hydrocarbon 
at 280-300° over 10% palladium-on-charcoal, 14-methyldibenz[a,c]phenanthrene slowly 
crystallized from benzene—methanol as large colorless prisms, m.p. 115—116°, not raised 
by further crystallizations. Subsequently, recrystallization with seeding by Bradsher’s 
preparation gave small prisms, m.p. 150-151°. (Lit. m.p. 150.5-151:5°, corr. (8).) 

The ultraviolet spectrum showed excellent agreement with that of dibenz[{a,c]phenan- 
threne (12, 13); with peaks at: 


Dibenzphenanthrene 276.5 286 308 321 334 352 371 mu 
Methyl derivative 278 288 311 323 337 354* 373 mu 


The picrate crystallized from ethanol as bright red needles, m.p. 212—213°. (Lit. m.p. 
207.5-208.5°, corr. (8).) 

The 1,3,5-trinitrobenzene complex formed slender orange needles from methanol, m.p. 
234-235.5°. Found: C, 68.91; H, 3.81%. Calculated for Cog3HigN3;O0¢: C, 68.91; H, 3.79%. 

An impure sample of Professor Bradsher’s original preparation was converted to the 
picrate (m.p. and mixed m.p. 212-213°) from which the hydrocarbon was regenerated 
on alumina. Crystallization from benzene—methanol gave small prisms, m.p. 149-150°, 
not depressed by either the low or high melting forms described above. 


*Inflexion. 
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Methyl Dibensz\a,c|phenanthrene-14-carboxylate 

14-Methyldibenz[a,c]phenanthrene (5 g) was oxidized with sodium dichromate (20 g) 
as described for the methylphenylphenanthrene. The pale yellow acid (4.6 g) was very 
sparingly soluble but was esterified by boiling with methanol (1500 ml) for 4 hours 
while dry hydrogen chloride was bubbled in. A solution of the crude product in benzene— 
hexane (5:1) was passed through a short column of alumina to remove traces of tar. 
Crystallization of the eluted material from acetone—methanol gave pale orange elongated 
prisms, m.p. 155-156°. Found: C, 85.75; H, 5.04%. Calculated for C24HigO2: C, 85.69; 
H, 4.80%. 
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STEROIDS AND RELATED PRODUCTS 
XI. THE SYNTHESIS OF 3,9,12,20-TETRAOXYGENATED 9,12-SECO-STEROIDS. PART I? 


Cu. R. ENGEL’ anp W. W. Hucu.Lax?! 


ABSTRACT 


The synthesis of 3a,208-dihydroxy-9-oxo-9,12-seco-12-pregnanoic acid (XV) and some of 
its derivatives, from 3a,12a-diacetoxy-20-oxopregnane, is described. The fission of ring C 
was achieved by ozonolysis of a 9,11-unsaturated 12-ketone. In the course of this work evidence 
was found that the rearrangement of certain 1l-hydroxy-12-ketunes to 128-hydroxy-11- 
ketones, under the influence of alkali, can occur in high yield, even at room temperature. 


For synthetic experiments which will be described at a later date, we needed 3,20- 
dioxygenated pregnane derivatives in which ring C of the original steroid nucleus had 
been opened in such a manner as to give a 9,12-seco-9-keto-12-acid derivative of the 
following general formula I: 


Hs 
CHOR 


RO 


I, R=H, acyl, R,=H, alkyl! 


Wieland et al. (2, compare also 3) had already obtained a similar 9,12-seco derivative, 
but without oxygen functions in positions 3 and 20, in the course of their elucidations 
of the structure of bile acids. The German authors brominated 12-oxocholanic acid 
(partial formula II) and hydrolyzed the resulting bromoketone (III) with methanolic 
potassium hydroxide at reflux temperature. Since it is known that, under these relatively 
vigorous conditions, 11-hydroxy-12-ketones of structure IV rearrange to 126-hydroxy- 
11-ketones (7, 8), one has to assign to the hydrolysis product structure V, in contrast 
to Wieland’s original formulation as IV. Oxidation led Wieland and his co-workers to 
the 11,12-diketo derivative VIII, which they enolized to VII; treatment with potassium 
permanganate or chromic acid resulted in the 9-oxo-9,12-seco-12-acid derivative of 
cholanic acid (partial formula VI). 

We wished to investigate the possibility of using this method for preparative purposes 
and, in particular, of employing it for the synthesis of 3,20-dioxygenated 9,12-seco- 
steroids. Since we intended to prepare a product with alcohol functions in positions 3 
and 20, it seemed important to isolate in our series the unrearranged ketol of type IV. 
We considered that this would allow us to acetylate positions 3 and 20 selectively, 

1Manuscript received August 25, 1959. 

Contribution from the Collip Medical Research Laboratory and the Department of Chemistry, the University 
of Western Ontario, London, Ontario. The subject of this communication was part of a paper presented at the 
40th annual conference of the Chemical Institute of Canada, Vancouver, B.C., June 1957. 

°For paper X of this series see reference 1. 

3Present address: Department of Chemistry, Laval University, Quebec, Canada. Correspondence should be 
addressed to this author. 

‘This paper is abbreviated from a portion of the M.Sc. thesis of W. W. Huculak, presented to the Faculty 
of Graduate Studies of the University of Western Ontario in April, 1959. 


5In accordance with the now-accepted stereochemical course of brominations of 12-ketones (4, 5, 6), one has to 
assign the a-configuration to Wieland’s main bromination product. 
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since it is known that an 118-hydroxy group generally resists acetylation with acetic 
anhydride in pyridine under mild conditions, and to oxidize subsequently the 11-hydroxy 
group without affecting the protected alcohol functions in 3 and 20. 

The readily available bile acid derivative, 3a,12a-diacetoxy-20-oxopregnane (IXa), 
served as starting material. Reaction with an excess of lithium aluminum hydride 
afforded predominantly 3a,12a,208-trihydroxypregnane (X), further characterized by 
its triacetate Xa. The configuration in position 20 of the main reduction product was 
assigned on the basis of molecular rotational analysis. Upon acetylation of X to the 
triacetate Xa we observed an increment in the molecular rotation of +435°; since a 
computation of the data available in the literature indicates that the increment due 
to diacetylation in positions 3a and 12a@ lies between 230 and 360°, the contribution 
of acetylation in position 20 to the observed increment lies between +75 and +205°. 
Sarett (9) has shown that acetylation of a 208-hydroxy function produces an increment 
of molecular rotation of the same order of magnitude, whereas acetylation of a 
20a-hydroxy function is accompanied by a decrease of the molecular rotation. 

Succinylation of the triol X afforded in good yield a dihemisuccinate (Xb), readily 
methylated to the bis-methylsuccinate Xc. The assignment of structures Xb and Xc 
to the disuccinates is legitimate because, under the succinylation conditions employed, 
a 12a-hydroxy group remains unchanged (compare for instance 10 and 11), as also 
confirmed by the monosuccinylation of 3a,12a-dihydroxy-20-oxopregnane (IX) to the 
12a-hydroxy derivative [Xb. 

Oxidation of the bis-methylsuccinate Xc with chromic acid in acetic acid gave in 
high yield the monoketone XI, which was brominated with 1 equivalent of bromine 
in acetic acid, at 55°. The amorphous reaction product, presumably containing pre- 
dominantly the lla-bromoketone XIV (compare 4, 5, 6), was hydrolyzed directly with 
aqueous ethanolic potassium hydroxide, at room temperature. The neutral reaction 
product was acetylated with acetic anhydride in pyridine at room temperature; instead 
of a mixture containing mainly the desired 3,20-diacetate XIIId, a product composed 
predominantly of a triacetate (Mp +235°) was obtained. 

Gallagher (7, compare also article 8, by Wintersteiner ef al.) proved that, under 
the influence of hot aqueous alcoholic potassium hydroxide, lla- and 118-hydroxy-12- 
ketones rearranged to 128-hydroxy-11-ketones. We assumed that such a rearrangement 
must have occurred in our case at room temperature, as otherwise no appreciable amount 
of triacetate should have been obtained; it seemed indeed improbable that the 116- 
hydroxy function would have been acetylated smoothly under the conditions employed. 
Furthermore, even if this had been the case, the reaction product should also have 
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contained some 3a,lla,208-triacetoxy ketone XIII0, since it is known that bromination 
of a 12-keto group does not proceed stereospecifically and since the crude bromination 
product, containing some 116-bromide, had been hydrolyzed with potassium hydroxide. 
We were, however, unable to isolate a second triacetate. The homogeneity of the tri- 
acetate obtained can be explained by a rearrangement of the originally formed ketols 
XIIIa and XIII to ketol XIIa, as it has been established (7) that both lla- and 11£- 
hydroxy-12-ketones can be rearranged to the same 128-hydroxy-11-ketone. 

Recently, Schindler (12) reported a case in the etianic acid series where, under the 
influence of a 12-keto group, an 118-hydroxy function was acetylated with acetic anhy- 
dride in pyridine at room temperature; this could weaken our argument in favor of 
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structure XIIc for the triacetate. However, Baumgartner, Tamm, and Schindler (12, 
13) also showed that the constitution and configuration of 11,12-ketol acetates can be 
determined with the help of ultraviolet and molecular rotational analyses. Thus Schindler 
(12) tabulated the molecular rotational differences between ring C-acetoxylated and ring 
C-unsubstituted 11- and 12-ketones of the cholanic acid series; he used these values for 
calculating the expected molecular rotations of 11,12-ketol acetates of the 38-hydroxy- 
etianic acid series from the known rotations of the corresponding non-acetoxylated ketones. 
Schindler further demonstrated that a definite assignment of constitution and con- 
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figuration of ring C ketol acetates was, in general, not possible by molecular rotational 
analysis alone, but that conclusive deductions could be made by also determining the 
position of the weak ultraviolet maximum of the keto function. 

According to the literature, the molecular rotations of methyl 3a-acetoxy-11-oxoetianate 
(12, 14) and of 3a,208-diacetoxy-11-oxopregnane (9) are 385° and 340° respectively; if 
one assumes a similar relationship between the molecular rotations of methyl etianates 
and 208-acetoxypregnanes in the 12-keto series, one can calculate, from the known 
molecular rotation of methyl 3a-acetoxy-12-oxoetianate (595°) (12, 15), the molecular 
rotation of 3a,208-diacetoxy-12-oxopregnane to be approximately 550°. If one now 
adds to this value the decrement, respectively increment, for additional lla- and 118- 
acetoxy substituents (12, 13) and accordingly to the molecular rotation of 3a,208-di- 


TABLE I 
Calculated molecular rotations and expected ultraviolet maxima of 11,12-ketol acetates 





Substance [Mp calc. Amax (theor. ) 
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acetoxy-1l-oxopregnane (9) the increment and decrement of additional 12a- and 128- 
acetoxy groups (12, 13), one obtains calculated approximate values for the molecular 
rotations of the four isomeric ketol acetates XIIb, XIIc, XIIIb, and XIIIc (cf. Table I).® 
It can be seen from Table I that the molecular rotation of our triacetylated hydrolysis 
product of the crude 11-bromo-12-ketone XIV can correspond only to structure XIIc 
or XIII. On the other hand, the position of the weak maximum of ketol acetates of 
type XIIc should be at 292-294 my and that of ketol acetates of type XIIIb at 285 mu 
(compare Table 1). Since the corresponding absorption maximum of our triacetylated 
hydrolysis product of the crude bromoketone XIV was at 293 mu, our original assign- 
ment of structure of this product as 3a,128,208-triacetoxy-1l-oxopregnane (XIIc) is: 
confirmed and we must assume that, even under the mild reaction conditions employed, 
the mixture of 11-hydroxy-12-ketones (containing presumably mostly the 118-hydroxy- 
12-ketone XIIIa). formed initially by hydrolysis of the 11-bromo-12-ketone was re- 
arranged extensively to the 126-hydroxy-11-ketone XIIa.7 

It thus appeared that the preparation in good yield of the intermediate 3a,208-di- 
acetoxy-1186-hydroxy-12-oxopregnane (XIIId) would present serious difficulties, and we 
therefore abandoned Wieland’s pathway to 9,12-seco-steroids of type I. 

We now decided to effect the cleavage of ring C to the desired 9,12-seco derivatives 
(compare I and XV) by ozonolysis of a 9,1l-unsaturated 12-ketone (compare XV1J), in 
analogy to the successful cleavage of ring A of A*‘-3-keto steroids with ozone, yielding 
3,5-seco-5-oxo-3-acid derivatives (compare 16-23). The 9,11-double bond was intro- 
duced in good yield by dehydrogenating the saturated 12-ketone XI with selenium 
dioxide, according to a modification by McKenzie et al. (24) of Schwenk and Stahl’s 
method (25). Treatment of XVIb with approximately twenty equivalents of ozone at 
— 15° for 70 minutes in acetic acid — ethyl acetate, followed by reaction with hydrogen 
peroxide, was not successful, the majority of the starting material being recovered. When 
approximately a hundred equivalents of ozone were used at 0° there was obtained, after 
partial purification and complete hydrolysis of the reaction product, an acidic fraction 
in approximately 25% yield. However, it was not possible to obtain the acid in 
a crystalline state; neither could its methyl ester and acetylated methyl ester be 
crystallized. 

We considered it more promising to employ the diacetate XVIa, instead of the bis- 
methylsuccinate XVIb, for the reaction with ozone. Hydrolysis of XVIb with potassium 
hydroxide readily gave the diol XVI, which was easily acetylated to XVIa. Treatment 
with 22-27 equivalents of ozone at — 10°, over a period of 5-7 hours, afforded in approxi- 
mately 25% yield a crude acidic material (compare XV) which, upon methylation with 
diazomethane and reacetylation, gave, in an over-all yield of 2-4% from XVla (10%, 
considering the recovery of starting material), crystalline methyl 3a,208-diacetoxy-9- 
oxo-9,12-seco-pregnane-12-oate (XVb). Its structure was substantiated by combustion 
analysis and by its infrared spectrum, as well as by the infrared spectra of the inter- 
mediates XV and XVa, which all showed very clearly the absorption band of a 6-membered 
ring ketone. 

6 Molecular rotations are calculated to the nearest 5° and are based on median values of specific rotations. 
Relatively large errors are introduced into the calculations because some of the rotations reported in the literature 
were not taken in chloroform. 

7Baumgartner and Tamm (13) recently reported the presence of the rearranged ketol in the product of hydrolysis 
at room temperature of methyl 11a-bromo-3a-acetoxy-12-oxocholanate. In the 38-hydroxy-etianic acid series 
Schindler (12) found that at room temperature the hydrolysis of an 11-bromo-12-ketone led predominantly to 
the unrearranged ketol (type IV) only when the reaction time did not exceed 20 minutes; otherwise the rearranged 


ketol (type V) constituted the major component of the mixture. These observations are in good accord with our 
above-discussed finding. 
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EXPERIMENTAL® ® 10 
3a,12a-Dihydroxy-20-oxo0 pregnane-3a-methylsuccinate (IXc) 

A quantity of 591 mg of 3a,12a-diacetoxy-20-oxopregnane (IXqa) was refluxed for 2 
hours with 25 cc of a 5.4% methanolic potassium hydroxide solution. The usual working 
up gave 486 mg of crude 3a,12a-dihydroxy-20-oxopregnane (IX) (27), m.p. 150-156°, 
which upon recrystallization from ether—hexane afforded 380 mg (81%) of pure dihydroxy 
ketone IX, m.p. 168-169°. The analytical sample melted at 169-170°, [a];° +158° (c 
0.50 in CHCl;). Anal. Calc. for CoH3403: C, 75.40; H, 10.25. Found: C, 75.31; H, 10.17. 

A solution of 240 mg of IX, m.p. 168—169°, in 5 cc of pyridine, was heated with 560 
mg of succinic anhydride to 90° for 2 hours, with the exclusion of moisture, and then 
allowed to stand overnight at room temperature. Ice was added and the mixture was 
poured after 30 minutes into 400 cc of water. The precipitate was extracted with ether 
and the organic extract was washed with iced hydrochloric acid and water and dried 
over sodium sulphate. Upon removal of the solvent, 305 mg of crude amorphous 3a,12a- 
dihydroxy-20-oxopregnane-3-hemisuccinate (IXb) was obtained, which was dissolved in 
10 cc of absoiute ether and treated with 16.5 cc of a 0.6% ethereal diazomethane 
solution. The mixture was kept for 20 minutes at room temperature, the excess diazo- 
methane was decomposed with acetic acid, and the solvent was removed in vacuo. The 
amorphous residue (320 mg) was chromatographed on 6.5 g of aluminum oxide. Petroleum 
ether — benzene, benzene, benzene-ether, ether, and ether-— ethyl acetate (4:1) elutions 
gave 250 mg of crystalline 3a,12a-dihydroxy-20-oxopregnane-3a-methylsuccinate (I1Xc), 
m.p. 118.5-122°. A sample was recrystallized three times from ether—hexane for analysis; 
m.p. 126-128°, [a]; +139° (¢ 1.00 in CHCl;). Anal. Calc. for CosH4oO¢: C, 69.61; H, 
8.99. Found: C, 69.53; H, 8.85. 


3a,12a,208-Trihydroxypregnane (X)" 

To a slurry of 11 g of lithium aluminum hydride in 700 cc of absolute tetrahydrofuran 
was added over a period of 50 minutes, dropwise and with stirring, 10.02 g of 3a,12a- 
diacetoxy-20-oxopregnane (IXa) in 500 cc of absolute tetrahydrofuran. The mixture 
was refluxed for 1 hour with stirring and then allowed to stand overnight. There was 
added, at 0°, 25 cc of ethyl acetate and a small quantity of ice. After addition of 150 cc 
of 2 N sulphuric acid, the volume of the solution was reduced in vacuo, at 40°, to 600 cc 
and the mixture poured into 2 |. of water. The steroid was extracted with ether, and the 
organic solution was washed with dilute sulphuric acid, sodium bicarbonate solution, 
and water, and dried over sodium sulphate. During the removal of the solvent, crystals 
formed, which were repeatedly removed from the mother liquors. Thus there was obtained 
a batch of 3.86 g of crystals melting at 236—-238° and another batch of 4.857 g of less 
pure material, m.p. 226-229°. The latter was recrystallized from acetone-hexane and 
afforded another 2.502 g of crystals, melting at 236—238° (total yield 78%). A sample 
was recrystallized for analysis; m.p. 236°, [a]3 +31° (¢ 1.06 in CHCl;). Anal. Calc. for 
CoH3603: C, 74.95; H, 10.78. Found: C, 74.72; H, 10.49. In another run, 10g of [Xa 
gave various fractions (6.152 g, 76% yield) of X, melting between 230 and 236°. From 
the mother liquors, 470 mg of another substance, m.p. 97—98°/218-219°, representing 
probably the 20a-isomer, was isolated. This product was not further investigated. 


8The melting points were taken in evacuated capillaries and the temperatures were corrected. 

2The microanalyses were performed by Mr. J. F. Alicino, Metuchen, N.J., to whom we express our apprecia- 
tion. 

10The aluminum oxide used for chromatography was treated as described under footnote 31 of reference 26. We 
thank Messrs. Merck and Co., Montreal, for their kindness in providing us with their activated aluminum oxide. 

UThis product was first prepared by Mr. George Montandon, in this laboratory. 
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Acetylation (Triacetate Xa)” 

A solution of 300 mg of triol X in 10cc of pyridine was refluxed with 5 cc of acetic 
anhydride for 1.5 hours. The usual working up gave an amorphous product crystallizing 
from ethanol. Recrystallization afforded 260 mg (63%) of pure 3a,12a,208-triacetoxy- 
pregnane, m.p. 193-195°, and 70 mg (17%) of less pure crystals, m.p. 177—187°. A sample 
was recrystallized three times for analysis; m.p. 199-200°, [a] +116.7° (¢ 0.556 in CHC). 
Anal. Cale. for C27H420¢: C, 70.10; H, 9.15. Found: C, 70.40; H, 9.06. 


3a,12a,208-Trihydroxypregnane-3a,208-bis-methylsuccinate (Xc)* 

A solution of 3.636 g of dried triol X, m.p. 236—238°, in 31.6 cc of absolute pyridine 
was heated with 8.32 g of succinic anhydride for 2 hours at 90° and subsequently left 
overnight at room temperature. Ice was added, and after 45 minutes the mixture was 
poured into 11. of water. The precipitate was extracted with ether, and the ethereal 
solution was washed repeatedly with cold dilute sulphuric acid and with water and was 
dried over sodium sulphate. During the removal of the ether, 3.54 g of crude, crystalline 
3a,12a,208-trihydroxypregnane-3a,20B-bis-hemisuccinate (Xb), m.p. 175-176°, was sepa- 
rated. The greatest part of the mother liquors (2.38 g) crystallized upon trituration with 
acetone-hexane. Repeated recrystallizations of both batches from acetone—hexane 
afforded 4.225 g of pure bis-hemisuccinate Xb, m.p. 182—184°, and 1.5g of mother 
liquors. The latter were subjected anew to succinylation under the conditions described 
above, and 1.58 g of crude bis-hemisuccinate Xb was obtained. 

The two batches of bis-hemisuccinate Xb were methylated in the usual fashion with 
diazomethane. Separate recrystallizations of the reaction products from ether—hexane 
afforded 5.144g (84.5% from X) of pure 3a,/2a,208-trihydroxypregnane-3a,208-bis- 
methylsuccinate (Xc), m.p. 95-98°. A sample was recrystallized three times from ether— 
hexane and pure hexane for analysis; m.p. 95-96°, [a] +71° (¢ 1.01 in CHCl;). Anal. 
Calc. for C3:H4sO9: C, 65.93; H, 8.57. Found: C, 66.02; H, 8.54. 

When the crude bis-hemisuccinate Xb was methylated without having been purified, 
comparable results were obtained but, in general, chromatography of the product was 
necessary and the over-all yield was slightly lower. 


3a,208-Dihydroxy-12-oxopregnane-3,20-bis-methylsuccinate (XI) 

To a solution of 7.262 g of 3a,12a,208-trihydroxypregnane-3a,208-bis-methylsuccinate 
(Xc) in 250 cc of glacial acetic acid was added 1.419 g of chromic acid in 14 cc of 90% 
acetic acid at 17°. After 15 hours, 5 cc of methanol was added and the product stirred 
into 3.51. of water. Filtration afforded 6.507 g of colorless leaflets, m.p. 107—108.5°; 
extraction of the filtrate afforded 605 mg of crude product, which upon recrystallization 
from ether-hexane gave 395 mg of XI, m.p. 105.5-106.5° (total yield 95%). A sample 
was recrystallized three times from ether—hexane for analysis; m.p. 113-114°, [a] +107.5° 
(c 0.975 in CHCl). Anal. Calc. for C3,;HsO9: C, 66.17; H, 8.24. Found: C, 66.14; H, 8.34. 


Bromination of 3a,208-Dihydroxy-12-oxopregnane-3,20-bis-methylsuccinate (Bromide XIV) 
To a solution of 2.002 g of ketone XI, m.p. 110—111°, in 30 cc of acetic acid, were 
added 2 drops of a hydrogen bromide solution in acetic acid and subsequently, at 55-60°, 
8.6 cc of a 0.75 M bromine solution in acetic acid. The solution was kept at the same 
temperature for 5.5 hours and then allowed to cool to room temperature. The product 
was decolorized with a few drops of sodium thiosulphate solution and poured into 600 cc 
12See footnote 11. 
13With the co-operation of Mr. K. D. Burell, whose contribution towards this project represented part of his 


B.Sc. thesis, submitted to the Department of Chemistry of the University of Western Ontario in May, 1956. 
4See footnote 13. 
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of water. The precipitate was extracted with chloroform, and the organic layer was 
washed with water, iced sodium bicarbonate solution, a small quantity of cold 1% 
sodium hydroxide solution, and with water, and was dried over sodium sulphate. The 
solvent was removed in vacuo and 2.243 g of an amorphous residue, representing crude 
XIV, was obtained. 


Debromination 

To a solution of 278 mg of the above-described crude bromo ketone (compare XIV) 
in 6 cc of 90% acetic acid was added, in small amounts and with repeated shaking, at 
80°, 583 mg of zinc dust. The mixture was heated for another 45 minutes to 90°, with 
repeated shaking. The zinc was removed by filtration, and the filtrate extracted with 
ether. The ethereal solution was washed with water, cold dilute hydrochloric acid, cold 
bicarbonate solution, and with water, and was dried over sodium sulphate. Removal 
of the solvent afforded 224 mg of crude ketone XI, giving no depression of melting 
point upon admixture of authentic material. 


Hydrolysis of the Bromination Product 

To a solution of 1.387 g of the above-described bromide (compare XIV) in 55.4 cc 
of ethanol was added a solution of 2.16 g of potassium hydroxide in 10 cc of water and 
20 cc of ethanol. The mixture was allowed to stand at room temperature for 48 hours. 
The usual working up afforded 634 mg of neutral material and 95 mg of an acidic product. 


Acetylation 

The above-described neutral hydrolysis product of bromide XIV (634 mg) was dis- 
solved in 4.5 cc of pyridine and treated with 3.5 cc of acetic anhydride at room tempera- 
ture. After 18 hours, the mixture was worked up in the usual fashion and afforded 
776 mg of a product which was chromatographed on 22 g of aluminum oxide. Petroleum 
ether — benzene elutions afforded, after recrystallization, 477 mg of 3a,128,208-triacetoxy- 
11-oxopregnane (XIIc), m.p. 172-174.5°, and 70 mg of crystals melting between 158 and 
166° which gave no depression of melting point upon admixture with XIIc. From the 
latter crystals another batch of 22 mg of pure XIIc, m.p. 172—174.5°, was obtained by 
recrystallization. 

A sample was recrystallized three times for analysis; colorless needles, m.p. 179-180.5°, 
[a], +49° (CHCls) ABtOF 293 mu (log € 1.2). Anal. Calc. for C27H40O7: C, 68.04; H, 
8.46. Found: C, 68.14; H, 8.42. 


A®".3a,208-Dihydroxy-12-oxopregnene-3a,208-bis-methylsuccinate (XVIb) 

To a solution of 2.583 g of 3a,208-dihydroxy-12-oxopregnane-3a,208-bis-methyl- 
succinate (XI), m.p. 105-106.5°, in 26 cc of an 0.0006 N hydrogen chloride solution in 
acetic acid was added 1.505 g of selenium dioxide. The mixture was refluxed for 20 
hours, cooled, diluted with 21. of ether, and filtered over sodium sulphate. The filtrate 
was further diluted with ether and the solution was washed with water, iced dilute 
hydrochloric acid, cold sodium bicarbonate solution, and with water, and was dried 
over sodium sulphate. Removal of the solvent gave 2.498 g of a yellow oil'which yielded, 
upon recrystallization from ether, 455 mg of A%"'-3a,208-dihydroxy-12-oxopregnene-3a, 
208-bis-methylsuccinate (XVIb), m.p. 94-95°. The amorphous mother liquors (1.966 g) 
were dissolved in 23.5 cc of a mixture composed of 80% chlorobenzene anc 20% acetic 
acid. To this was added 9.6 g of chromic acid in 9.6 cc of water. The mixture was shaken 
for 2 hours at room temperature; then 4.8 g of chromic acid in 4.8 cc of water was added 
and the flask was shaken again for another 2 hours. The product was diluted with 21. 
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of ether and filtered over sodium sulphate. The filtrate was washed with water, iced 
sodium bicarbonate solution, and water, and was dried over sodium sulphate. Removal 
of the solvent afforded 1.941 g of crystalline XVIb, m.p. 90-93° (total yield of crystalline 
XVIb, 91%). The batch melting at 90-93° was chromatographed on 58 g of aluminum 
oxide. Recrystallization of the petroleum ether — benzene (1:4) and benzene fractions 
yielded 1.027 g of pure XVIb (m.p. 94.5-95.5°; total yield of highly purified XVID: 
58%). A sample was recrystallized twice from ether for analysis; m.p. 95.5-96.5°, [a]2? 
+155° (¢ 1.0 in CHCl;) \E*OF 239 my (log ¢ 4.1). Anal. Cale. for C3,H44O9: C, 66.40; 


max 


H, 7.91. Found: C, 66.30; H, 7.87. 


A®'"!.3a,208-Dihydroxy-12-oxopregnene (XVI) 

To a solution of 3.509 g of A®"!-3a,208-dihydroxy-12-oxopregnene-3a,208-bis-methyl- 
succinate (XVIb) in 70 cc of methanol was added 4.39 g of potassium carbonate in 50 cc 
of water. The mixtu-e was refluxed for 17 hours, cooled to room temperature, and 
extracted with 2 1. of ether. The ethereal solution was washed with water and dried. The 
solvent was removed and 1.992 g (95.5% yield) of crystalline dihydroxy ketone XVI, 
m.p. 232-234.5°, was obtained. Recrystallization from ether afforded 1.487 g of fine 
needles, m.p. 238-240°. A sample was recrystallized twice for analysis; m.p. 242-243°, 
APLOH 242 muy (log € 4.04). Anal. Calc. for C2H3203: C, 75.86; H, 9.70. Found: C, 75.65; 
H, 9.74. 


Acetylation 

The dihydroxy ketone XVI (2.253 g, m.p. 238-240°) was acetylated overnight at 
room temperature with 152 cc of acetic anhydride in 225cc of pyridine. The usual 
working up afforded 2.8 g of crystalline A®*:'-3a,208-diacetoxy-12-oxopregnene (XVIa), 
m.p. 179-183°. Recrystallization and chromatography of the mother liquors yielded 
1.976 g of broad needles, m.p. 180—200°. A sample was recrystallized twice for analysis; 
m.p. 200.5-201.5°, APtOF 244 my (log « 4.02). Anal. Calc. for CosH3¢O5: C, 72.10; H, 
8.71. Found: C, 72.01; H, 8.90. 


Ozonolysis of A®*""'-3a,208-Dihydroxy-12-oxopregnene-3a,208-bis-methylsuccinate (XVIb) 

(a) At —15°, a stream of oxygen containing 8% of ozone was passed over’a period 
of 70 minutes through a solution of 1.194 g of A®%"™-3a,208-dihydroxy-12-oxopregnene- 
3a,208-bis-methylsuccinate (XVIb), m.p. 94.5-95.5°, in 15 cc of glacial acetic acid and 
15 cc of ethyl acetate (40 equivalents of ozone). Subsequently, 4.5cc of water and 
0.45 cc of a 30% hydrogen peroxide solution were added and the mixture was allowed 
to stand for 19 hours at room temperature. The product was extracted with ether, the 
ethereal solution was washed repeatedly with water and subsequently extracted with 
2 N sodium hydroxide solution. The remaining ethereal solution was washed to neutral 
and dried over sodium sulphate. Evaporation of the solvent gave 950 mg (80%) of 
starting material XVIb, m.p. 91-93°, not depressed upon admixture of an authentic 
sample. The sodium hydroxide extract was acidified and worked up in the usual way 
to give 98 mg of an amorphous product. 

(b) A solution of 950 mg of XVIb in 13 cc of acetic acid and 13 cc of ethyl acetate 
was flushed for 5 hours, at 0°, with an oxygen stream (flow rate 180 cc per minute) 
containing 8.3% of ozone (100 equivalents). After treatment of the product with 4 cc 
of water and 0.5 cc of a 30% hydrogen peroxide solution for 18 hours, the product was 
worked up as described above, yielding 300 mg of neutral material and 412 mg of a 
crude acid fraction. A quantity of 348 mg of the latter was treated for 24 hours with 
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30 cc of a 5% aqueous sodium hydroxide solution. The usual working up afforded 20 mg 
of neutral material and 210 mg of an acidic product, the infrared spectrum of which 
was in agreement with structure XV but which resisted all attempts of crystallization. 

The product was dissolved in 7 cc of absolute benzene and methylated in the usual 
fashion with an ethereal diazomethane solution. After 17 hours, the product was worked 
up and there was obtained 214 mg of a methyl ester (compare XVa), which could not 
be crystallized. A solution of this product in 5cc of pyridine was treated overnight 
with 2.5 cc of acetic anhydride. The crude reaction product (234 mg) was chromato- * 
graphed on 6.9g of aluminum oxide but none of the fractions could be induced to 
crystallization. 


Methyl 3a,208-Diacetoxy-9-0xo-9,12-seco-pregnane-12-oate (XVb) from XVIa, via the 
Intermediates XV and XVa 

At —10°, a current of oxygen (180cc per minute) containing 8.3% of ozone was 
passed for 5 hours and 22 minutes through a solution of 3.611 g of A®"'-3a,208-diacetoxy- 
12-oxopregnene (XVIa) in 50 cc of glacial acetic acid and 50 cc of absolute ethyl acetate 
(22 equivalents of ozone). Water (15 cc) and a 30% hydrogen peroxide solution (1.8 cc) 
were added and the mixture was allowed to stand at room temperature overnight. The 
usual working up afforded 2.431 g of an amorphous neutral material and 1.041 g of a 
crude amorphous acidic fraction which resisted crystallization. This product was dissolved 
in 35 cc of absolute benzene and treated with 20 cc of a 2.5% ethereal diazomethane 
solution at 0° for 15 hours. The usual working up gave 1.061 g of an amorphous product 
which was dissolved in 8 cc of pyridine and acetylated in the usual fashion with 5 cc 
of acetic anhydride. There was obtained 1.07 g of an amorphous product which was 
chromatographed on 31g of aluminum oxide. Benzene and benzene-ether (4:1) gave 
51 mg (1.3% yield from XVIa) of methyl 3a,208-diacetoxy-9-oxo-9,12-seco-pregnane-12- 
oate (XVb), m.p. 125-128.5°. Recrystallization for analysis afforded very fine needles, 
m.p. 126-127°, [a]*5 +30° (c 0.891 in CHCls), weak ultraviolet absorption maximum 
at 282 my, v&B 1242 cm (acetate absorption), 1701 cm! (9-ketone), 1722 cm 
(12-methyl ester). Anal. Calc. for CosH3s07: C, 66.64; H, 8.50. Found: C, 66.60; H, 8.27. 

The major portion (2.39 g) of the neutral reaction product from the ozonolysis was 
dissolved in 64 cc of a 1:1 mixture of acetic acid and ethyl acetate, and ozonized at — 10° 
over a period of 7 hours and 52 minutes with an oxygen stream (160 cc per minute) 
containing 7.9% of ozone (27 equivalents). The product was worked up as described 
above, and there was obtained 93 mg of XVb, m.p. 124—126° (3.7% yield), identical 
with the above-described XVb. 
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SOME CARBOXYLIC ACIDS PRESENT IN ROYAL JELLY! 


WILut1AM H. BRowN? AND ROBERT J. FREURE® 


ABSTRACT 


Only one carboxylic acid, 10-hydroxy-2-decenoic acid, has previously been isolated from 
royal jelly. Small amounts of two additional acids, sebacic and 2-decendioic acid, have now 
been found in the ether-soluble portion of this special bee foodstuff. Evidence is presented 
in favor of the trans-configuration for naturally occurring 10-hydroxy-2-decenoic acid. 
Chromic acid oxidation of the hydroxy acid yields 2-decendioic acid. 


The chemical nature of the components of royal jelly has received considerable attention 
over the past 20 years. Townsend and Lucas (1) reported the isolation of a carboxylic 
acid, C,oHisO3, from the mixture of acids obtained from royal jelly by extraction with 
ether. Abbott and French (2) and Abbott (3) confirmed this finding and attempted by 
oxidative means to establish a structure for the acid. However, their efforts were un- 
successful. More recently Butenandt and Rembold (4) have characterized the compound 
as 10-hydroxy-2-decenoic acid (I). 

This year Barker, Foster, and Lamb (5) have independently confirmed the structure 
proposed by Butenandt and Rembold for I and have speculated on the olefinic con- 
figuration. 

In view of the increasing interest in royal jelly from a therapeutic standpoint and 
the findings recently reported by Townsend, Morgan, and Hazlett (6) on the activity 
of I against experimental leukaemia and ascitic tumors we are reporting the results of 
our investigation into the chemical nature of additional carboxylic acids which we have 
discovered in royal jelly. 

Besides 10-hydroxy-2-decenoic acid (I) we have isolated, by chromatographic means, 
sebacic acid (11) and 2-decendioic acid (II1) from the mixture of acids obtained from 
lyophilized royal jelly by ether extraction. 


HO—CH:—(CH2)s—CH=CH—COOH I 
HOOC—(CH2)s—CH:—CH:—COOH II 
HOOC—(CH:2)s-—CH—CH—COOH Ill 


Barker et al. (5) have reported that I comprises approximately 70% of the mixture 
of ether-soluble acids and approximately 15% of royal jelly. We find that I is present 
to a greater extent in the mixture of ether-soluble acids, 90%, whereas it is present 
only in the amount of 3% in whole royal jelly (7% of lyophilized royal jelly). A variety 
of melting points have been reported for this compound: 46—58° (1); 61-62° (3); 54-56° 
(4); 52° (5). When I is separated chromatographically from the other ether-soluble 
acids with which it is associated in royal jelly and subsequently crystallized from water, 
the pure material has m.p. 62.0—62.5° 

Only Barker et al. (5) have considered the olefinic configurations of I but were unable 
to make a firm assignment. We have found that I, when irradiated in acetone solution, 
is converted slowly to another isomer (IV). This latter compound, m.p. 43-46°, slowly 
reverts to I when allowed to stand at room temperature even in the solid state. In the 
case of IV, absorption is strong in the region 300-340 mu while I is relatively transparent 

1Manuscript received June 29, 1959. 

Contribution from the Department of Chemistry, Ontario Agricultural College, Guelph, Ontario. 


2A ssociate Professor of Chemistry, Ontario Agricultural College, Guelph, Ontario. 
3Graduate student, Department of Chemistry, Ontario Agricultural College, Guelph, Ontario. 
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over the same range. Both I and IV show strong end absorption (220-290 my) in the 
ultraviolet. Infrared absorption spectra of I and IV were run on mineral oil mulls and 
are summarized in Table I. 


TABLE I 


Infrared spectra of 10-hydroxy-2-decenoic acid 








Peaks, cm7! 











Naturally occurring (1) Irradiated with sunlight (IV) 
3390 3390 
1710 1710 
1658 1658 
976 976 
“= 830 





The medium peak observed at 830 cm™ in the spectrum of IV is not present in that 
of I. Allan, Meakins, and Whiting (7) have determined the infrared absorption spectra 
of a number of a,8-unsaturated carboxylic acids and have established that a peak in 
the region 830 cm indicates an olefinic C—H out-of-plane bending for cis-a,8-unsaturated 
acids. The presence of a peak at 976cm™ in the spectra of both I and IV indicates 
that IV is contaminated with I (incomplete conversion). A peak in this latter region 
has been well established as being characteristic of trans-substituted ethylenic struc- 
tures (8). Based on these observations we postulate that naturally occurring 10-hydroxy- 
2-decenoic acid exists in the trans-form. 

The presence of sebacic acid (II) in royal jelly is interesting since its occurrence in 
other natural foodstuffs is limited to the fat portion of milk from buffalo and cow (9). It 
has been reported by Stahlin and Blievernicht (10) that the free sebacic acid content 
of rape and turnip seed rises as it becomes moldy. 4 

The third acid, 2-decendioic acid (III), found in royal jelly, has previously been 
reported only twice. It was synthesized by English (11), who was investigating homo- 
logues of traumatic acid (HOOC—(CH.)s—CH=CH—COOH). The latter compound 
is a factor involved in plant growth phenomena. 

Cram and Tishler (12) isolated III from the acetone-soluble fraction of clinical peni- 
cillin. Chromic acid oxidation of 10-hydroxy-2-decenoic acid (1) readily yields III. This 
reaction was originally reported by Abbott (3), but no structures were known at that 
time. 

It is significant that the three acids in royal jelly are all closely related, 10-carbon 
compounds. The concentration of each acid is given in Table II. 





TABLE II 








Conc. (p.p.m.) 





Acid (basis lyophilized royal jelly) 
I 70,000 
II 200 

Ill 300 





The chemotherapeutic value of II and III is being investigated by our co-workers, 
Townsend, Morgan, and Hazlett (6) and will be reported elsewhere. 
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EXPERIMENTAL 


(All melting points have been corrected against reliable standards.) 


Isolation of Carboxylic Acids (A) from Royal Jelly 

Lyophilized royal jelly was placed in a Pyrex 3885 Soxhlet extractor.in 2-inch layers 
alternated with glass wool and was extracted with ether for 26 hours. The resulting 
straw-colored extract, approximately 21. in volume, was concentrated to 200 ml and 
processed as shown in the following flowsheet. 


Ether extract of royal jelly 
shake with 1 N NaOH 





Ether phase Aqueous phase 

5 _Yv 

Ether-soluble Alkali-soluble 
neutral compounds (trace) compounds 





acidify with dilute H.SO, 
alkalize with NaHCO; and 
extract with ether 
Ether phase Aqueous phase 





Phenols (trace) Organic acids 





acidify with dilute H.SO, 
and extract with ether 








Ether phase Aqueous phase 
dry over MgSO, Ether-soluble, water- 
and remove ether soluble compounds 
(trace) 


Dark orange oil 
| stand at room temperature 


Carboxylic acids as 


sticky solid (A) 


The final ether extract was dried over anhydrous magnesium sulphate, filtered, and 
the ether removed in a current of air. The residue, (A), a dark orange oil, crystallized 
after standing overnight at 25°. 

A number of samples of lyophilized royal jelly extracted with ether and the ether 
extract processed as already described showed an average of 7% ether-soluble organic 
acids. This represents 3% of whole royal jelly which averages 65% moisture and 35% 
solids. 


Isolation and Identification of Sebacic Acid (I1) as the p-Bromophenacyl Ester 

The crystalline mixture of acids, (A), (7.7 g), was taken up in hot hexane-ether and 
refrigerated to 5°. While the solution was cooling, seeds of 10-hydroxy-2-decenoic acid 
were introduced. The resulting white crystalline solid, 3.8 g, was removed by filtration, 
m.p. 43-46°. A further crystallization of the solid gave 2.8 g (36% by wt.) of impure 
10-hydroxy-2-decenoic acid, m.p. 55-59°. The mother liquor from the first crystallization 
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was concentrated and cooled, yielding 1.7 g of white crystalline solid, m.p. 39-63°. A 
second crystallization of the latter solid using the same mixed solvent gave 1.2 g of white 
crystals, m.p. 45-72°. Crystallization from benzene—hexane raised the m.p. to 51-78°. 

When 0.37 g of the material, m.p. 51—-78°, was treated with p-bromophenacy! bromide 
by the usual procedure, a white solid was formed in the hot reaction mixture and was 
removed by filtration before cooling. It weighed 0.050 g, m.p. 146-150°. Crystallization 
from absolute ethanol and acetone raised the m.p. to 150—151°. 

A mixture melting point of the latter compound with authentic p-bromophenacyl 
ester of sebacic acid was not depressed. 


Isolation and Identification of Sebacic Acid (II) and 2-Decendioic Acid (III) from A by 
Chromatography 

Isolation of III was achieved by chromatographic separation of A on Whatman seed 
test paper (1/16 inch) using a 7:3 ratio by volume of propanol and concentrated aqueous 
ammonia as the developing solvent. Isherwood and Hanes (13) have described the use 
of this solvent system. 

A concentration of 700 mg of A per 9X22.5-inch sheet gave adequate separation of 
II and III from I. Acid I comprises approximately 90% of A. The various regions con- 
taining the acids were located on the paper by cutting out a quarter-inch strip from 
the center of the sheet and spraying it with a 0.1% solution of thymol blue adjusted 
to pH 10. No significant separation of II from III was achieved at this concentration. 

The region containing acids II and III was cut out and the acids extracted from the 
paper with propanol in a Soxhlet apparatus. The extract was evaporated to dryness, 
the residue taken up in 5% aqueous sodium hydroxide solution, acidified with dilute 
sulphuric acid, and extracted with ether. From 2.7 g of A, 91 mg of the mixture of II 
and III was obtained. Fractional crystallization from chloroform removed most of II. 
The resulting crude III was fractionated on Whatman 3 MM chromatography paper 
using the same solvent system as previously described to remove the residual II. 

Compound III was extracted from the paper, m.p. 161—168°. After crystallizatior 
from chloroform 25 mg of pure III was obtained, m.p. 172-173°. 

The infrared spectrum, mull in mineral oil, of III shows maximum absorptions at 
1,710 cm (carboxylic acid), 1,655 cm~ (unsaturation), and 1,198 cm (carboxylic 
acid). Anal. calc. for CioH1604: C, 60.0; H, 8.00. Found: C, 59.9; H, 7.92. 

The identity of III was confirmed by mixture melting point with 2-decendioic acid, 
m.p. 172-173°, prepared by chromic acid oxidation of 10-hydroxy-2-decenoic acid. 

Sebacic acid (II) was also isolated by the same procedure and identified as the 
p-bromophenacy] ester. 

Using Whatman No. 1 chromatography paper and the same developing solvent as 
before, Ry values are I, 0.79; II, 0.43; and III, 0.38 at 25°. 


Oxidation of 10-Hydroxy-2-decenoic Acid (1) to 2-Decendioic Acid (III) 

A mixture of 0.93 g (0.0050 mole) of 10-hydroxy-2-decenoic acid and 1.0 g (0.0034 
mole) of potassium dichromate, dissolved in a solution of 0.9 ml of C.P. concentrated 
sulphuric acid in 15 ml of water, was heated in a 50-ml round-bottomed flask on a steam 
bath for 3 hours. After the reaction mixture was allowed to stand at room temperature 
for 10 hours a solid product was removed by filtration. It weighed 0.43 g, m.p. 145-160°. 
The crude material was crystallized from hot water including treatment with activated 
charcoal. In this manner 0.20 g (20%) of small white rosettes, m.p. 171-172° was 
obtained. 
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Effect of Ultraviolet Irradiation on Naturally Occurring 10-Hydroxy-2-decenoic Acid (1) 

When 10-hydroxy-2-decenoic acid (I), m.p. 62°, isolated from A, was irradiated with 
sunlight in a thin-walled Pyrex bulb in acetone solution for a total of 20 hours, the 
melting point of I dropped to 43-46°, suggesting a conversion of the acid from trans- 
to cis-configuration. After the solution had been standing for a three-week period the 
melting point of the irradiated material (IV) rose to 44-54° indicating slow reversion to 
the more stable trans-isomer. 


p-Bromophenacyl Ester of 10-Hydroxy-2-decenoic Acid (1) 

The p-bromophenacy! ester of I has been prepared by Abbott (3) but no melting 
point has been reported. The ester is readily obtained by treating the sodium salt of | 
with p-bromophenacyl bromide in hot dilute ethanol solution. It has m.p. 89-90°. 
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THE REACTION OF SUCROSE WITH GLYCOL-CLEAVING OXIDANTS! 


A. K. Mitra? anp A. S. PERLIN 


ABSTRACT 


Lead tetraacetate in acetic acid is reduced at an unusually rapid rate by sucrose, due to a 
vigorous preferential cleavage of the 3,4-glycol group in the D-fructofuranosyl moiety. By 
contrast, periodate attacks the D- glucopy ranosyl unit more readily. These marked variations 
are exhibited also in the same solvent and, therefore, appear to be related to the characteristics 
of the oxidants themselves. The mechanism of the action of lead tetraacetate is discussed with 
reference to the stereochemistry of the p-fructofuranose unit. Selective oxidation provides 
a chemical method for controlled degradation of the sucrose molecule and affords products 
in which either the D-fructose or the D-glucose residue is modified 


An earlier paper (1) described the chemical degradation of raffinose and stachyose to 
give sucrose, the method being dependent on selective oxidation by glycol-cleaving 
agents of the a-D-galactopyranosyl residues present. However, lead tetraacetate promoted 
a more vigorous oxidation of the sucrose moiety in these oligosaccharides than did 
periodate. This observation has led to a comparison of the action of these two closely 
related reagents on sucrose itself. 
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In the presence of excess periodate or lead tetraacetate, sucrose (I) undergoes normal 
glycol-cleavage and forms the expected tetraaldehyde (II) in high yield (2, 3). With a 
limited proportion of oxidant, however, differences become apparent in the sequence 
of attack by the two reagents. Lead tetraacetate in acetic acid is reduced at a relatively 
rapid rate by the sugar (Table I) due to a vigorous preferential splitting of the 3,4-glycol 
group in the p-fructofuranosyl unit. This specificity is suggested from a comparison of the 

1Manuscript received August 19, 1959. 
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TABLE I 


Rate of oxidation of sucrose and related sugars 








Moles oxidant consumed /mole 








Time 
Reagent (minutes) Sucrose MF? MG? 
Lead tetraacetate 30 0.54 0.34 — 
60 0.88 0.65 0.08 
120 1.10 0.88 0.11 
Sodium periodate 30 0.36 0.05 0.23 
90 0.71 0.13 0.46 
150 1.04 0.21 0.61 





®Methy! 8-p-fructofuranoside (chromatographically pure syrup); the compound was over- 
oxidized by prolonged treatment, possibly due to partial hydrolysis. 
>Methyl a-p-glucopyranoside. 


rates of oxidation of methyl-8-p-fructofuranoside and methyl a-D-glucopyranoside ((4) 
see also Table I), and is demonstrated by the fact that reaction with only 1 mole of lead 
tetraacetate per mole (theoretical uptake, 3 moles/mole) causes oxidation of 90% of the 
fructose units (Table II). The dialdehyde formed as the major product in the latter re- 
action was reduced catalytically or with sodium borohydride (5), and the polyol (III) 
produced was isolated as a crystalline octaacetate. Confirmation of the structure of III 
was obtained from the fact that it was not attacked by invertase, that methanolysis 
yielded methyl a-p-glucopyranoside, and hydrolysis followed by bromine oxidation gave 
1,3-dihydroxy-2-propanone but not D-fructose. The D-glucose unit of III is intact, but the 
partially degraded D-fructose unit no longer possesses an asymmetric center. Accordingly, 
the molecular rotation of the compound ([{M]p of the octaacetate is +45,000) is in close 
agreement with that expected for the a-D-glucopyranosyl residue in sucrose (6, 7, 8, 9).* 

In contrast to the foregoing results, sodium periodate attacks the D-fructose unit even 
less readily than the D-glucose unit, the latter utilizing as much as 77% of 1 mole of 
oxidant added per mole (Table II). A relatively high resistance of the 6-p-fructofuranosy] 


TABLE II 


Oxidation of sucrose by 1 mole of glycol-cleaving reagent 








% Fructose 





Reagent Solvent oxidized 
Lead tetraacetate 50% acetic 90 
98% acetic 70 
Sodium periodate 50% acetic 30 
50% ethanol 23 
50% ethanol* 44 
Water 39 





*Two moles of periodate used. 


structure to periodate cleavage is illustrated also in the comparatively slow oxidation 
rate for the corresponding methyl glycoside (Table I).| This marked difference from the 
action of lead tetraacetate did not appear to be related to solvent, as shown by the 
variation obtained when each oxidant was used in 50% acetic acid (Table II). On treat- 


*For example, 2,3,4,6-tetra-O-acetyl methyl a-D-glucopyranoside has [M]|p +47,399; the B-D-glucoside tetra- 
acetate has |[M|p —6600. 

t Methyl a-L-arabofuranoside, another furanoside containing a trans-glycol group, is also attacked by periodate 
more slowly than methyl glycopyranosides (10). 
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ment with 1 or 2 moles of periodate in 50% ethanol, followed by reduction, sucrose 
afforded a mixture of several compounds. Some of the products contained intact 
p-fructose residues, but were present in low proportion and were difficult to isolate from 
the mixture. The low yield of p-fructose-containing products shows that both glycol 
groups of the D-glucose unit consume a substantial proportion of the periodate added, 
and also that they are, on the average, only slightly more reactive than the single glycol 
group of the D-fructose unit. 

From the stereochemical viewpoint, the trans-1,2-glycol group of the p-fructofuranose 
unit should be less-favorably oriented than those of the D-glucopyranosyl ring for forming 
a cyclic complex with glycol-cleaving oxidants (11, 12, 13), since the trans-glycol group 
on a 6-membered ring (projected angle of 60°) should approach coplanarity more closely 
than that on a 5-membered ring (projected angle of 120°) (13). The periodate data is 
consistent with these considerations. 

Lead tetraacetate appears to exhibit anomalous behavior in its preferential attack 
on the p-fructofuranosyl residue. However, earlier studies of the reaction of lead tetra- 
acetate with cyclic 1,2-diols (14, 15, 16) have shown a similar inconsistency. trans-1,2- 
Cyclopentanediol, for example, consumes lead tetraacetate at about 60 times the rate 
for trans-1,2-cyclohexanediol (14). These and other comparative rate data have been 
cited (16) as evidence that glycol-cleavage by lead tetraacetate need not involve an inter- 
‘mediate cyclic lead complex. By contrast, the marked resistance to oxidation shown by 
rigidly fixed trans-glycol groups on a 5-membered ring, as in bicyclic systems (16, 17), has 
been ascribed to an orientation unsuitable for complexing. 

If a cyclic intermediate is involved, its formation should be favored by such distortion 
of the ring which would force the adjacent hydroxyl groups toward the eclipsed state, 
rendering the glycol structure more nearly coplanar (13). X-ray crystallography has 
shown (6) that in the p-fructosyl residue of sucrose sodium bromide dihydrate, the ring 
oxygen atom and carbons-2, -3, and -5 lie essentially in one plane and the ring is puckered 
at carbon-4 so that the C3—O and C4—O bonds are forced towards coplanarity. In 
addition, the angles which the 3- and 4-hydroxyl groups make with the adjacent ring 
bonds are unusually high, tending further to bring the glycol group into the mean plane 
of the residue. Most probably this conformation is imposed by forces within the crystal 
lattice and may not represent the D-fructofuranosyl unit in solution. Nevertheless, it is 
clear that under suitable conditions the furanose ring can be distorted so as to afford a 
glycol group having a projected angle much smaller than 120°, which might occur in the 
lead-complex transition state. Hence, the ‘‘anomalous”’ lead tetraacetate oxidation be- 
havior of trans-1,2-diols on 5-membered rings need not be regarded as inconsistent with a 
cyclic intermediate pathway. Differences between lead tetraacetate and periodate ex- 
hibited in their attack on sucrose, therefore, may be due to factors such as variations in 
steric requirements of the two reagents, or to the relative ease with which the inter- 
mediate complexes decompose to products (18), and not to fundamental differences in 
reaction mechanism. 


EXPERIMENTAL 


Paper chromatography was carried out using Whatman No. 1 paper, and benzene-— 
butanol—-pyridine—-water (19) as solvent. Urea oxalate (20) was used to detect fructose- 
containing oligosaccharides on chromatograms, and ammoniacal silver nitrate (21) as a 
general spray. 
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Measurement of Oxidation Rates 


(a) Lead Tetraacetate 

The sugar (10-15 mg) in water (0.2 ml) was taken up in acetic acid (10 ml). A solution 
of lead tetraacetate (0.2 g) in acetic acid (10 ml) was added, and at chosen intervals 
aliquots of the reaction mixture were withdrawn and the oxidant content determined 
iodometrically (11). Results are given in Table I. 

(b) Periodate 

The sugar (10-15 mg) in water (5 ml) was taken up in ethanol (10 ml), and a solution 
of sodium periodate (60 mg) in water (5 ml) added. At chosen intervals aliquots of the 
reaction mixture were added to phosphate buffer (pH 7.0) (22) and the iodine released 
titrated. Results are given in Table I. 


Partial Oxidation of Sucrose with Lead Tetraacetate and Catalytic Reduction of the Dialdehyde 

Sucrose (10 g, 29.2 mmoles) was dissolved in water (500 ml), the solution was diluted 
with acetic acid (500 ml), and lead tetraacetate (12.4 g, 28.0 mmoles) added with stirring 
at room temperature. Oxidant was found to be consumed within 0.5 hour (negative 
starch — potassium iodide test), and excess Amberlite IR: i120 was then added to remove 
divalent lead. The filtered solution was concentrated im vacuo at 45°, and most of the 
residual acetic acid and water removed by codistillation several times with ethanol and 
toluene, the product being obtained as a white crust (9.5 g). On a paper chromatogram 
the product streaked heavily, and a small proportion of unoxidized sucrose was detected. 

The oxidation product (8.0 g), absolute ethanol (125 ml), and Raney nickel (2.5 g, 
wet weight) were heated together at 120° in the presence of hydrogen (1800 p.s.i.) for 
12 hours. After removal of the catalyst and evaporation of the solvent, the syrup obtained 
was found to contain a major component (Rgucrose 2.5) which gave a negative ketohexose 
test (urea oxalate spray), together with a small proportion of sucrose. The syrup (6.5 g) 
in acetic anhydride (75 ml) was heated with anhydrous sodium acetate (6.0 g) on a steam 
bath for 2 hours. Slow addition of the cooled acetylation mixture to a vigorously stirred 
ice slurry afforded a solid product which, after 8 hours of continued stirring, was filtered 
off, washed well with water, and dried. Weight, 9.0 g. The product crystallized rapidly 
from ethanol as large plates (weight, 7.1 g); when powdered and heated slowly (1°/3-4 
minutes) the crystals had m.p. 56-60°, unchanged by two further crystallizations from 
ethanol [a]?> +67.2 (c, 2.6, chloroform). Calculated for C2sHwO19: acetyl, 50.40%. Found: 
acetyl (sapon.), 50.27%. The melting point was virtually unchanged also by two re- 
crystallizations from ether, m.p. 56-59°. Calculated for CosH O19: C, 49.40%; H, 5.92%; 
acetyl, 50.40%. Found: C, 49.19%; H, 5.97%; acetyl (sapon.), 50.55%. 

On deacetylation with sodium methoxide the syrupy polyol was found to be chroma- 
tographically pure, and was not attacked by an active preparation of invertase. 


Reduction of the Dialdehyde with Sodium Borohydride 

Partially oxidized sucrose (above) (6.0 g) in water (50 ml) was added to a cold solution 
of sodium borohydride (3.5 g in 50 ml ice water) over a period of 45 minutes. After 18 
hours acetic acid was added slowly to pH of about 7 and the solution was concentrated 
in vacuo at 45° to dryness.* Borate was removed as volatile methyl borate by repeated 
(5 times) addition and evaporation of methanol. Acetic anhydride (75 ml) and anhydrous 
sodium acetate (5.0 g) were added to the dry residue, the mixture was heated on the 


*Use of Amberlite IR-120 to remove sodium ions at this stage, as in the usual procedure, resulted in extensive 
hydrolysis of the reduction product. 
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steam bath for 2 hours, and the acetate was isolated as described above and recrystallized 
from ethanol (weight, 4.5 g). Recrystallized twice from ether the acetate had m.p. 56-60°, 
[a}*? +65.0 (c, 2.7, chloroform) ; the X-ray diffraction pattern was indistinguishable from 
that of the octaacetate prepared via catalytic reduction. Calculated for CosH Oi: C, 
49.40%; H, 5.92%; acetyl, 50.40%. Found: C, 49.25%; H, 6.02%; acetyl (sapon.), 
50.49%. 


Degradation of III 

The octaacetate of III (1.5 g) in dry methanol (15 ml) was treated with sodium meth- 
oxide (3 ml, 0.5 N) in the cold for 30 hours. An aliquot (8 ml) ef the solution was acidified 
with 2% methanolic hydrogen chloride (10 ml) and heated under reflux for 12 hours. 
Ethereal diazomethane was then added to neutrality, and additional ether to cause 
turbidity. A crystalline product (0.11 g) obtained by cooling was recrystallized from 
ethanol, m.p. 164-165°, undepressed by admixture with methyl a-p-glucopyranoside; 
the X-ray diffraction pattern was indistinguishable from that of the p-glucoside. Calcu- 
lated for C7;H,4O0¢: C, 43.29%; H, 7.27%. Found: C, 43.50%; H, 7.40%. Paper chroma- 
tographic examination of the mother liquor (silver nitrate spray) indicated the presence 
of glyceritol, methyl glucoside, and a third component (faint streak slightly slower than 
glyceritol), which was presumed to be 1,3-dihydroxy-2-propanone dimethylketal. 

A second aliquot (5 ml) of the deacetylation mixture was concentrated to give a syrup 
(0.20 g), 0.1 N sulphuric acid (10 ml) was added, the solution heated on the steam bath 
for 5 hours, and neutralized with Dowex-1 (bicarbonate form). The hydrolyzate appeared 
(paper chromatogram) to contain glucose, 1,3-dihydroxy-2-propanone, and glyceritol. 
Calcium benzoate (23) (1.0 g) was added, followed by bromine (0.5 ml) and, after 6 
hours at room temperature with occasional shaking, excess bromine was removed in 
vacuo. The solution was filtered, treated with a mixture of Amberlite IR-120 and Dowex-1 
(bicarbonate form), and concentrated to a volume of 5 ml. Phenylhydrazine (0.8 ml) 
and acetic acid (0.8 ml) were added and the solution was heated on the steam bath for 
0.5 hour. After cooling, a yellow precipitate which formed was collected, dried, and re- 
crystallized three times from benzene, m.p. 131—133°; the X-ray diffraction pattern was 
indistinguishable from that of triose (1,3-dihydroxy-2-propanone) phenylosazone. Calcu- 
lated for CysHig0N,4: C, 67.14%; H, 6.01%. Found: C, 67.20%; H, 5.96%. 


Partial Oxidation of Sucrose with Periodate and Reduction of the Product 

Sucrose (3.4 g) in 50% ethanol (100 ml) was treated at 0° in the dark for 30 hours with 
sodium periodate (2.1 g in 43 ml of 50% ethanol). A precipitate which formed was 
filtered off, a slight excess of hot strontium hydroxide solution was added slowly with 
efficient stirring, the reaction mixture filtered, and the filtrate treated with a mixture of 
Amberlite-IR-120 and Dowex-1 (bicarbonate form). The final filtrate and washings were 
concentrated im vacuo at 40°. Weight, 3.0 g. 

The partially oxidized sucrose (0.6 g) was reduced with sodium borohydride, followed 
by acetylation, as described above for lead-tetraacetate-oxidized sucrose. The syrupy 
acetate (1.0 g), on deacetylation with sodium methoxide, was found (paper chromato- 
gram) to consist of one major and two minor components in addition to a large propor- 
tion of unoxidized sucrose. The major product (Rgucrose 3-0) was detected on the chroma- 
togram with silver nitrate but not with urea oxalate or p-anisidine hydrochloride, and 
hence appeared to be the polyol derived via oxidation of sucrose by 3 moles periodate per 
mole. One of the minor components (Rgucroge 1.7) contained unoxidized fructose as shown 
by its color reaction with urea oxalate; the third product (Reucrose 2.4) corresponded on the 
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chromatogram to compound III, giving a yellow-brown color with p-anisidine hydro- 
chloride and a negative ketohexose test with urea oxalate. 

When sucrose was oxidized with 2 moles of sodium periodate, reduced, acetylated, and 
deacetylated (as above) the proportion of sucrose unoxidized was lower, and of the 
compound (Rgucrose 3.0), increased slightly. The compounds having Rgucrose 1.7 and 2.4 
were now present in relatively higher proportion and a second fructose-containing 
product (Rsucrose 2.0) was detected also. This mixture was not resolved satisfactorily by 
chromatography on a cellulose column (24) using butanol, containing varying percentages 
of water, as eluent. 
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PYRROLE CHEMISTRY 


II. 2-PYRROLECARBONITRILE, 1-METHYL-2-PYRROLECARBONITRILE, AND THEIR 
* NITRATION PRODUCTS! 


HuGH J. ANDERSON 


ABSTRACT 


The 2-nitriles of pyrrole and 1-methylpyrrole have been prepared by the dehydration of 
the corresponding aldoximes. These compounds have been nitrated and the ratios of 4- and 
5-nitro isomers have been determined. The 2-cyano group appears to be less strongly ‘‘meta’’- 
directing (i.e. toward the 4-position) during nitration in the pyrrole series than in the benzene 
ring. 


In a previous paper some investigations were reported concerning directive effects in 
the pyrrole ring system. These researches have now been extended by the nitration of 
pyrrole and 1-methylpyrrole possessing a cyano group in the 2-position. The strongly 
meta-directing effect of this group tending to place an incoming substitutent in the 
4-position is thus competing with the normally a-directing hetero atom which would 
place it in the 5-position. Although many substituted cyanides of pyrrole are known, 
neither 2-pyrrolecarbonitrile nor 1-methyl-2-pyrrolecarbonitrile are reported in the 
literature. 

These two compounds (I and II) have now been prepared through the dehydration of 
the oximes of their readily available aldehydes. Fischer and Orth (2) have reported that 
heating 2-pyrrolecarboxaldoxime with a mixture of acetic anhydride and sodium acetate 
produced only 5-acetyl-2-pyrrolecarbonitrile, but acetic anhydride alone gave us a good 
yield of the desired product. Both this nitrile and the 1-methyl homologue could be 
hydrolyzed by potassium hydroxide in ethylene glycol at 130—-140° to moderate yields 
of the known acids. Attempted acid hydrolysis leads to extensive decomposition. Several 
authors (3) have reported that substituted nitriles of pyrrole resist hydrolysis, however, 
these were mostly alkyl-substituted 3-pyrrolecarbonitriles. 

It was hoped that a one-step preparation of these nitriles might be developed by an 
adaption of the procedure of Lettré, Jungmann, and Salfeld (4), who used N-phenyl-N- 
methylcyanamide and phenyllithium to prepare benzonitrile. We hoped that it might be 
possible to substitute the readily available N,N-dimethylcyanamide for their reagent, 
which is difficult to prepare. However, a trial using a 2-thienyllithium produced no 
neutral fraction, and another with 2-pyrrylmagnesium bromide also failed to give any 
of the desired nitrile. Presumably the amidines were formed instead. 

As pointed out previously (1, 5) the proportions of 4- and 5-nitro derivatives formed 
through the reaction of acetyl nitrate and pyrroles possessing a meta-directing substi- 
tuent in the 2-position are similar to those formed from the corresponding thiophenes 
although the a-directing effect of the N-atom is somewhat less than that of the sulphur. 
When a methyl group replaces the N-hydrogen there is a large increase in the proportion 
of the 4-nitro derivative. 

Two fairly recent papers have reported the nitration of 2- hiaahensneenaitdlle but 
their results are totally different. Reynaud and Delaby (6) isolated 80% 4-nitro and 

1Manuscript received August 17, 1959. 
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20% 5-nitro, identifying their products by conversion to known substances. On the 
other hand Tirouflet (7) established the ratio of 42% 4- to 58% 5-nitro by means of a 
polarographic reduction, having first standardized against the pure compounds. 
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The nitration of 2-pyrrolecarbonitrile with ‘“‘acetyl nitrate’ (fuming nitric acid 
acetic anhydride) at 0-10° proceeded normally and chromatography was attempted on 
alumina. 

This method had proved satisfactory in previous separations of nitrated pyrrole 
derivatives and has the advantage of removing the dark tarry by-products as well. 
However, from the column we isolated only a single product, 4-nitro-2-pyrrolecarbonitrile 
(IV), using the usual benzene and benzene/ethyl acetate eluants. When we progressed 
to ethyl acetate and later to 1:1 ethanol/ethyl acetate a bright yellow solid was 
obtained. This substance was recrystallized from benzene/ethyl acetate and melted 
at 292°. It proved to be the sodium salt of 5-nitro-2-pyrrolecarbonitrile. The sodium salt 
was very soluble and quite stable in water. The desired product (III) could be 
obtained by ether extraction from the acidified aqueous solution. 

The very weakly acidic nature of pyrrole is strengthened by the presence of an electron- 
withdrawing group in the 2-position which decreases the electron density at the nitrogen 
and facilitates the loss of the proton from the nitrogen. This situation is similar to the 
behavior of the corresponding p-substituted phenol. The same type of group in the 
3-position of pyrrole has considerably less effect and thus a-nitro-substituted pyrroles are 
more acidic than 6-nitro ones. Rinkes (5) made use of this observation in separating 
isomers from the nitration of 2-acetylpyrrole and other compounds. In these mixtures 
the 4-nitro could be extracted by ether from a basic aqueous solution while the 5-nitro 
isomer remained behind. The dinitropyrroles were found to be much more acidic, and 
separation was achieved by extracting 2,4-dinitropyrrole from an aqueous sodium 
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acetate solution leaving 2,5-dinitropyrrole behind. Thus it is not surprising that 5-nitro- 
2-pyrrolecarbonitrile with two strongly electron-withdrawing groups in a-positions 
should be quite acidic. Nevertheless, the isolation of such a stable sodium salt is some- 
what unusual in the pyrrole series where most preparations have made use of sodium or 
sodium alkoxide under anhydrous conditions (8, 9). 

When the nitrated 1-methylpyrrole was chromatographed it was found that even a 
long column did not provide a clear separation of the isomers, so eventually a simplified 
fractional crystallization from petroleum pentanes was used successfully. 

The melting points of our 4- and 5-nitro-2-pyrrolecarbonitriles (III and IV) coincide 
with those recently reported by Tirouflet and Fournari (10), who prepared them by 
dehydration of the corresponding nitroaldoximes. Hydrolysis in concentrated hydro- 
chloric acid was successful and mixed melting points with authentic specimens of the 
known nitroacids (VII and VIII) were undepressed. 

The 1-methyl analogs (V and VI) would not hydrolyze in acid solution and base 
destroyed them as it does most nitrated pyrroles. Consequently, we N-methylated the 
nitro-2-pyrrolecarbonitriles (III and IV) and confirmed the identity of (V and VI) by 
mixed melting points. In addition it was possible to nitrate ethyl 1-methyl-2-pyrrole- 
carboxylate although only the 4-nitro isomer (IX) could be isolated. This ester (IX) was 
then ammonolyzed to the amide (X) and dehydrated with phosphorus oxychloride and 
pyridine to 4-nitro-1-methyl-2-pyrrolecarbonitrile (VI) which was identical with one of 
our isomers. 

From the nitration of 2-pyrrolecarbonitrile we found that the 4-nitro isomer con- 
stituted about 40% of the mononitro fraction. Thus the —CN group seems to have some- 
what less meta-directing ability in the pyrrole ring nitration than has the carbomethoxy 
and considerably less than acetyl or nitro groups. This is quite different from the benzene 
series where the meta-directing ability of the cyano group lies between nitro and acetyl 
in nitrations (12). However, it is similar to the proportion found in the thiophene series 
by Tirouflet, although not by Reynaud and Delaby. 

As expected, the proportion of 4-nitro isomer was much higher for 1-methyl-2-carbo- 
nitrile—about 70% of the mononitro product. This also falls below the percentage of 
4-isomer formed during nitration by the analogous 2-acetyl compound. 


EXPERIMENTAL 


2-P yrrolealdoxime 

A solution of hydroxylamine hydrochloride (7.5 g, 0.11 M) and sodium acetate tri- 
hydrate (15 g, 0.11 M) in 30 ml water was shaken vigorously with 2-pyrrolealdehyde 
(9.0 g, 0.095 M) for 5 minutes, then refrigerated overnight. The crude product weighed 
9.2 g (84%). After recrystallization from benzene its melting point was 164-164.5°. 
Literature 165-166° (13). 


1-Methyl-2-pyrrolealdoxime 

This compound was prepared from the corresponding aldehyde by the same procedure. 
After recrystallization from water its melting point was 148.5-149.5°. Calc. for CesHsN2O: 
C, 58.05; H, 6.49; N, 22.57; O, 12.89. Found: C, 58.10; H, 6.45; N, 22.38%. 


2-Pyrrolecarbonitrile (1) 

2-Pyrrolealdoxime (9.2 g, 0.084 M) in acetic anhydride (30 ml) was warmed slowly 
and then refluxed gently for 20 minutes. The cooled reaction product was poured into 
200 ml cold water, extracted three times with 20-ml portions of ether, and dried over 
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sodium sulphate. After removal of the ether the residue was vacuum-distilled and the 
fraction, b.p. 89-90° at 1.5 mm, was collected. Yield 4.7 g (61%). Calc. for CsH4Noe: 
C, 65.20; H, 4.38; N, 30.42. Found: C, 65.09; H, 4.36; N, 30.25%. 

The nitrile (0.5 g) was heated at 165-180° with potassium hydroxide (5 g) in ethylene 
glycol (10 ml) for 1 hour. The crude acid (0.28 g) obtained from this hydrolysis melted at 
203-204° (decomp.) after several recrystallizations from water. The mixed melting point 
with an authentic specimen of 2-pyrrolecarboxylic acid was undepressed. 


1-Methyl-2-pyrrolecarbonitrile (11) 

1-Methyl-2-pyrrolealdoxime (10 g, 0.079 M) was dehydrated with acetic anhydride 
in the manner described above. The product weighed 5.2 g (61%) and had b.p. 86-88° 
at 11 mm. Cale. for CsHgNe: C, 67.90; H, 5.70; N, 26.40. Found: C, 67.88; H, 5.72; 
N, 26.35%. 

The nitrile (0.5 g) was hydrolyzed as before at 130—140° for 1 hour. The crude product 
weighed 0.55 g and on recrystallization from aqueous ethanol had m.p. 135-136°. The 
mixed melting point with authentic 1-methyl-2-pyrrolecarboxylic acid was undepressed. 


Nitration of 2-Pyrrolecarbonitrile 

The nitrile (1.2 g, 0.011 17) was dissolved in acetic anhydride (7 ml) and chilled to 0°. 
To this was added a mixture of fuming nitric acid (d = 1.5, 1.5 g, 0.023 M) and acetic 
anhydride (2.0 ml) while the temperature was kept below 10°. The dark solution was 
poured into 25 ml ice water with vigorous stirring and extracted with three 15-ml portions 
of ether and dried. After removal of all solvents under reduced pressure the crude red 
solid weighed 1.55 g. 

Chromatography was commenced on alumina (150 g) using benzene and later 1:1 
benzene/ethyl acetate as eluants. From these fractions a total of 0.5 g of pale yellow 
solid was obtained. Pure ethyl acetate gave no further solid, however, 1:3 ethanol/ 
ethyl acetate and later 1:1 ethanol/ethyl acetate produced about 0.8 g of a bright yellow 
solid with a very high melting point (292° from benzene/ethyl acetate). 

The first solid, 4-nitro-2-pyrrolecarbonitrile (IV), was recrystallized from water, 
m.p. 150.5-151°. (Tirouflet reported 152°.) Calc. for CsH3N;02: C, 43.80; H, 2.21; N, 
30.65; O, 23.34. Found: C, 43.84; H, 2.20; N, 30.40%. A small amount of this nitrile was 
refluxed with concentrated hydrochloric acid for 30 minutes. From the hydrolysis was 
obtained an acid which, after several recrystallizations from water, was a pale cream solid 
m.p. 210-212° (slight decomp.). Rinkes found 216° for 4-nitro-2-pyrrolecarboxylic acid. 

The second solid from the chromatography was dissolved in a small amount of water, 
cooled, and acidified with concentrated hydrochloric acid. The colorless solid obtained 
was filtered, dried, and recrystallized from water. Its melting point was 172.5-173°. 
(Tirouflet found 174° for 5-nitro-2-pyrrolecarbonitrile (III) and a greenish-yellow 
color.) Calc. for C;5H3N3;02: C, 43.80; H, 2.21; N, 30.65; O, 23.34. Found: C, 43.65; H, 
2.28; N, 30.41%. A small amount of this nitrile was hydrolyzed in concentrated hydro- 
chloric acid. The pale cream-colored product after recrystallizing from water melted at 
159-161°. Rinkes gives m.p. 161° for 5-nitro-2-pyrrolecarboxylic acid. 


Nitration of 1-Methyl-2-pyrrolecarbonitrile 

The nitrile (1.3 g, 0.021 17) was nitrated and worked up in the manner described above, 
and the crude product (1.50 g) chromatographed on alumina (150 g). Elution with 
benzene/petroleum pentanes produced no real separation nor did rechromatography of 
the first six fractions. Consequently all fractions were extracted repeatedly with small 
amounts of hot petroleum pentanes. From these extracts 0.36 g of solid was obtained, 
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m.p. 86-86.5° after several recrystallizations from water. This was compound V. Calc. 
for CsHsN 302: C, 47.68; H, 3.34; N, 27.81; O, 21.17. Found: C, 47.51; H, 3.19; N, 27.60%. 
Compound V failed to undergo hydrolysis in concentrated hydrochloric acid and was 
destroyed by hot base. 

The less soluble fraction was recrystallized from benzene/petroleum hexanes and 
weighed 0.86 g. After a final recrystallization from water it had m.p. 157.5-158°. This 
was compound VI. Calc. for CsH;N;02: C, 47.68; H, 3.34; N, 27.81; O, 21.17. Found: 
C, 47.55; H, 3.27; N, 27.68%. Compound VI also failed to undergo hydrolysis to the 
corresponding acid. 


Preparation of Compounds V and VI by N- Methylation 

To a solution of 4-nitro-2-pyrrolecarbonitrile (50 mg) in toluene (10 ml) was added a 
solution of sodium metal (100 mg) in ethanol (1 ml). The mixture was refluxed gently 
for 3 minutes, methyl] sulphate (0.3 g) added, and refluxed 5 minutes longer. The cooled 
mixture was extracted twice with 5-ml portions of 1 N sodium hydroxide solution. The 
organic layer was dried over sodium sulphate and nearly all solvent removed in vacuum. 
At this point an excess of petroleum pentanes was added and the precipitate filtered. 
After recrystallization from water the 4-nitro-l1-methyl-2-pyrrolecarbonitrile (25 mg) 
melted at 156—158° and mixed melting point with compound VI was 156-158°. 
_ In a similar manner 5-nitro-2-pyrrolecarbonitrile was converted to the 1-methyl 
analog m.p. 83-84° (from water). Mixed melting point with compound V 83-84°. 


Nitration of Ethyl 1-Methyl-2-pyrrolecarboxylate 

Ethyl 1-methyl-2-pyrrolecarboxylate (1.53 g, 0.01 M) in acetic anhydride (8 ml) was 
treated with a mixture of fuming nitric acid (1.1 g, 0.018 M) and acetic anhydride (2.0 ml) 
keeping the temperature below —5°. After hydrolysis in cold water the product was 
extracted with ether, dried over sodium sulphate, and all solvent removed under vacuum. 
The crude red solid (1.33 g) was chromatographed on alumina (150 g) using benzene/ 
petroleum pentanes as eluant. From the chromatogram 0.35 g of unreacted ester was 
recovered and 0.52 g of a product (IX) which on recrystallization from aqueous alcohol 
had m.p. 112.5-113°. The reported melting point of ethyl 4-nitro-1-methyl-2-pyrrole- 
carboxylate is 113-114° (11). In addition the chromatogram produced a small amount 
of acidic material presumably resulting from the hydrolysis of the ester. It was not 
identified. None of the isomeric 5-nitro ester was found. 


Ammonolysis of the Ester 1X 

A solution of the 4-nitro ester (0.4 g) was dissolved in methanol (10 ml) and cooled 
during saturation with ammonia gas. The flask was stoppered tightly and allowed to 
stand for a week at room temperature. A bright yellow solid which had separated was 
completely precipitated by the addition of 5 ml water. After several recrystallizations the 
pale yellow 4-nitro-1-methyl-2-pyrrolecarboxamide (X) (0.32 g) had m.p. 224—225°. Cale. 
for CsH7N;03: C, 42.61; H, 4.18; N, 24.85; O, 28.37. Found: C, 42.43; H, 4.15; N, 24.50%. 


Dehydration of the Amide (X) 

The amide (0.3 g) was dissolved in freshly dried pyridine (3 ml). To this was added 
phosphorus oxychloride (0.4 g) resulting in vigorous reaction. After this had subsided 
the mixture was cooled, diluted with 10 ml water, chilled again, and filtered. The crude 
solid (0.18 g) was recrystallized from water, m.p. 155-157°. A mixed melting point with 
product VI from the nitration of 1-methyl-2-pyrrolecarbonitrile was undepressed con- 
firming the latter as 4-nitro-1-methyl-2-pyrrolecarbonitrile. 
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THE DECAY OF ACTIVE NITROGEN AT HIGH TEMPERATURES! 


R. A. Back,? W. Dutton, AND C. A. WINKLER 


ABSTRACT 


Previous studies of the decay of active nitrogen have been extended to higher tempera- 
tures. A more detailed treatment of the results suggests that surface recombination of nitrogen 
atoms may be either first or zero order. Rate constants for both the surface and the homo- 
geneous recombination of nitrogen atoms are reported. The latter shows a slight positive 
temperature coefficient. 


In a previous paper from this laboratory (1), a method was described for measuring 
the rate of decay of active nitrogen. Measurements were made at 55° C and 400° C, and 
rate constants for the recombination of nitrogen atoms on the surface and in the gas 
phase were reported. In the present paper, similar measurements at higher temperatures 
are described, together with a slightly revised treatment of the previous data. 


EXPERIMENTAL 


The apparatus and method were similar to those used previously, with a few minor 
changes. Active nitrogen was produced in a condensed discharge in a fast-flow system 
under conditions of complete initial dissociation of the nitrogen. It was passed through 
a ‘‘decay tube” of fixed dimensions into a reaction yessel, where the atom concentration 
was measured chemically using the reaction with ethylene at 400° C. By studying the 
decay over a range of pressures, it was possible to separate homogeneous and hetero- 
geneous decay processes. A Vycor discharge tube and decay tube permitted measure- 
ments up to 1000° C. Much improved estimation and control of the temperature of the 
decay tube was possible with a concentric thermocouple well, combined with a sectionally 
wound furnace. The decay tube was larger (455 cc) than in the previous experiments, in 
anticipation of a shorter contact time at higher temperatures. 

It was hoped originally to compare decay rates at various temperatures under the 
same surface conditions. However, the instability of most poisons above 400° C caused 
serious difficulty ; NasH PO,, which behaved very reproducibly at 55 and 400° C, deterior- 
ated badly at 700° C, and Na;PQ, was no better. Although AlPO, was slightly more stable 
at 700° C, and consistent data could be obtained from experiments done in a single day, 
it was completely ineffective as a poison at 1000° C. The most stable poison at 700° C, 
was Mg;(POx,)2 and this was the only substance that was at all effective at 1000° C, at 
which temperature, however, it deteriorated rapidly. 

When a good poison, stable at 400° C, was heated for some time to 700° C or 1000° C, 
it was practically ineffective when used again at 400° C. Thus, an irreversible physical 
change in the poison at high temperature was involved, rather than simply a reversible 
increase in y, the recombination efficiency. 


THEORY 
The theory of nitrogen atom decay in a similar apparatus has been treated previously 
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(1), and will be used here with one or two modifications. Kelly and Winkler considered 
two possible modes of surface decay, first order and second order in nitrogen atoms. 
Homogeneous decay was assumed to be second order in nitrogen atoms, and termolecular. 
Two extreme cases were considered, the first of which assumed nitrogen atoms and 
nitrogen molecules to be equally effective as third bodies, while the second assumed 
nitrogen atoms to be completely ineffective. For simplicity, only the former case will 
be considered in the present work, and the two differential equations for first and second 
order surface decay are, respectively, 


(1] —dN/dt = kiN + kN, 
(2] —dN/dt = ksN? + kyN?2p. 


A third possible mode of surface decay, not considered previously, is zero order in 
nitrogen atoms, and for this 
[3] —dN/dt = kg + k.N*D. 


Upon integration of these equations over a time of decay, ¢t, assuming initial complete 
dissociation of the nitrogen, and expressing N atom concentration as partial pressure, 


[4] p/pw = eb! + pr(et*—1)ko/ki 
[5] 1/px—1/p = (ks + kop)t 
[6] (p—py)/t = (ka + pwp ks) (tan 0)/0 


where p = total pressure, py = partial pressure of nitrogen atoms, and @ = t(Rakop)?. 
In the previous study, ¢ was taken to be approximately constant, independent of 
pressure, whereupon it is easily shown that 


limit bx /p =1, for equation [5] 
po = eit, for equation [4] 
= 0, for equation [6]. 


| 


Since py clearly did not approach p as the pressure was reduced, second order surface 
decay was ruled out. Since a zero order surface decay had not been considered, it was 
concluded that the surface decay was first order, and k,; and ke were evaluated from 
suitable plots of equation [4]. 

The assumption of constant decay time, while it simplified the treatment consider- 
ably, may perhaps introduce appreciable errors under some conditions. The decay time 
varied considerably with pressure, and increased rather sharply at very low pressures. 
This could affect both the determination of the order of the surface decay, by affecting 
the limiting value of py /p, and the numerical values of the rate constants. In the present 
paper, therefore, the variation of ¢ with pressure is taken into account. Decay time 
was measured, and each of equations [4], [5], and [6] in turn was plotted in a suitable 
way to determine the order of surface decay and values of the decay constants. If surface 
decay were first order, a plot of (p/py)—e*!* versus (e"!'—1)p? should be linear, and 
pass through the origin, with slope k2/k;. The value of k; could be determined by suc- 
cessive approximations to give the best extrapolation to the origin. If surface decay 
were second order, a plot of (1/py—1/p)/t versus p should be linear, with intercept k; 
and slope ke. If surface decay were zero order, a plot of (b—pyx)/t against pyp*? should 
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be approximately linear. The factor (tan @)/@, and thence values of k, and ke, could be 
evaluated by a method of successive approximations. 


RESULTS 


Consistent data were obtained with Na2gHPO, and Mg3(POx4)2 poisons at 400° C, and 
with AlIPO, and Mg;(PO,4)2 at 700° C, and these were treated in the manner described 
above. No poisons were sufficiently stable at 1000°C to permit calculation of rate 
constants. The previous data of Kelly and Winkler, using NazHPO, poison at 55° C 
and 400° C, were also treated in the same way, taking into account the variation of ¢ 
and the possibility of zero order surface decay. 

In every case, the plot of equation [5] yielded a curve with negative slope at low 
pressures, while at higher pressures the slope became positive, which clearly indicates 
that the surface decay was not second order. 

Plots of equation [4], representing first order surface decay, always had positive 
slopes, and showed considerable curvature. Such curvature may be attributed, as before, 
to the deviation, with increasing pressure, from required conditions such as complete 
initial dissociation, negligible radial concentration gradients, and others (1). Rate 
constants were thus determined from the slopes and intercepts of low pressure asymptotes 
of these curves. 

_ Plots of equation [6], corresponding to zero order surface decay, also showed positive 
slopes and some curvature, and rate constants were again estimated from low pressure 
asymptotes. Some of this curvature is due to the variation of (tan @)/@ with pressure. 
These plots were neither more nor less linear than those of equation [4], and it appears 
impossible to distinguish between first and zero order surface decay by the present 
method, although the data are clearly incompatible with a second order process. 


TABLE I 


Rate constants for homogeneous atom combination 








Values of ke (molecules~?. cc?. sec!) & 10*8 





Ist order surface 1st order surface 








decay, neglecting decay, allowing Zero order 
Temp.,° C Surface poison Source of data change in ¢ for change in ¢ surface decay 

55 NasHPO, Ref. 1 1.32 2.98 8.21 

400 NazHPO, Ref. 1 8.6 16.7 40.3 

Na2HPO, This work 7.0 tae 22.8 

Mg;3(POx,):2 This work 12.1 27.2 33.0 
700 Mg3(POx,)2 This work 14.4 112 145 
AIPO, This work 9.3 119 147 





In Table I are shown values for kz, the termolecular rate constants for the homo- 
geneous recombination of nitrogen atoms, assuming either first or zero order surface 
decay. Two sets of values are reported for the first order surface decay, one calculated 
by the simpler method of Kelly and Winkler, the other corrected for the variation of 
decay time with pressure. It should be noted that nitrogen atoms and molecules are 
assumed to be equally effective as third bodies in this treatment. If nitrogen atoms 
were completely ineffective, values of k2 would be approxi nately doubled. 

In Table I] are shown values of the surface recombination efficiency, y, defiiied in 
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the usual way (1), for first order surface decay, again for the two methods of calcu- 
lation. 
TABLE II 


Values of y, the recombination efficiency, for first order surface decay 














X10! 





, Neglecting Allowing for 
Temp., °C Surface poison Source of data changein?t change inf 





55 NazHPO, Ref. 1 2.65 2.32 
400 Na2HPO, Ref. 1 2.86 2.49 
NaoH PO, This work 1.94 1.70 

Mg3(PO,)2 This work 1.70 : 2 

700 Mg3(PQO,4)2 This work 3.50 2.10 
AIPO, This work 4.40 3.10 





In Table III are shown values of the rate constant for zero order surface decay, 
expressed as a rate per unit area, molecules. sec!.cm~*. 


TABLE III 


Rate constants for zero order surface decay 


Rate (molecules. sec .cm~?) 





Temp., °C Surface poison Source of data 10716 
55 NasHPO, Ref. 1 5.9 
400 NasHPO, Ref. | 7.0 
Na2HPO, This work 2.3 
Mg3(PO4)2 This work 2.9 
700 Meg3(PO,)2 This work 1.9 
2.4 


AIPO, This work 





DISCUSSION 


The general effect of neglecting the variation of decay time with pressure (Tables | 
and II) was to lower the values of k2 and raise the values of y. The largest error was 
introduced in the value of k2, where it amounted to a factor of 10 at 700° C and a factor 
of about two at the lower temperatures. The effect on the values of y was much less 
pronounced, the largest error being a factor of about 1.5 at 700° C. 

The values of ke are affected considerably by the order assumed for the surface decay. 
Zero order surface decay requires a larger value of k2 than does first order surface decay, 
the difference being more pronounced at lower temperatures. With both orders, k: 
appeared to increase markedly with increasing temperature. An Arrhenius plot was not 
linear, and was only slightly improved by plotting log (k2/t?) to allow for the increase 
in the termolecular collision rate with temperature. ‘‘Activation energies’ of between 
0.5 and 2 kcal may be estimated from these plots, although undoubtedly the variation 
of ke with temperature is too complex to be described by a simple exponential tem- 
perature dependence. If the termolecular recombination proceeds through the 52 state 
of Ne (2, 3), the radiationless transition to the *# state might depend in a critical way on 
the vibrational energy of the former state, and hence on the temperature. !t is perhaps 
interesting that other termolecular atom combination processes, which proceed simply 
through the ground state of the diatomic molecule, show the expected small negative 
temperature coefficient (4, 5, 6). 

Values of k2 in Table I may be compared with values of 200 X 10-* (7), 33 10-* (8), 
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17X10-* (9), and 15X10-* (10) (molecules. cc?.sec~'), measured by a variety of 
methods, all at about room temperature. In some of these methods, surface recombination 
was perhaps not adequately taken into account, and high values were obtained. Atom 
concentrations were measured in the first two cases by a calorimetric probe technique, 
of somewhat doubtful efficiency, while the latter two used the nitric oxide flame titration, 
which yields atom concentrations about 1.5 times those measured by the ethylene reaction 
(11). Herron et al. reported no temperature dependence of kz between 25° and 180° C 
(10). 

The surface decay constants showed surprisingly little temperature dependence. A 
first order surface recombination of atoms is usually interpreted as a reaction between 
gas-phase atoms and adsorbed atoms on a fully covered surface (12). A zero order 
surface combination implies a bimolecular surface reaction between adsorbed atoms, 
again on a fully covered surface. It may be noted that with either mechanism, a sparsely 
covered surface leads to a second order process, which clearly does not fit the experi- 
mental results. Both mechanisms thus require a fully covered surface, over a considerable 
range of temperature and atom concentration, which implies a very strong adsorption, 
probably chemisorption, of the nitrogen atoms. The small temperature dependence of 
the decay constants is in accord with this view. 

The observed values of y are quite compatible with the suggested first order mechanism, 
and are of the same order of magnitude as those measured for similar recombinations 
of oxygen and hydrogen atoms (13, 14, 15). The zero order mechanism, on the other 
hand, perhaps presents some difficulties. In bimolecular surface reactions on a sparsely 
covered surface, the adsorption of one atom onto a site adjacent to another one is 
usually thought to be the rate-controlling step. Obviously, in a zero order process, with 
a fully covered surface, this is no longer true, and the rate must be controlled by the 
rate of interaction of atoms already adsorbed on adjacent sites. The values of y, the 
fraction of collisions with the surface leading to combination, at least permit a rate 
of combination much slower than the rate of adsorption, if the adsorption process were 
highly efficient. A bimolecular surface reaction on a fully covered surface would require 
a high surface concentration of atoms, as the strongly chemisorbed atoms would have 
little mability. Superficially, the zero order process seems rather less likely, mechanisti- 
cally, than the first order one, but it must be emphasized that the present data clearly 
do not enable distinction between the two. ° 

Finally, the limited accuracy of the present method should be pointed out. Because 
of inherent approximations and errors, an accuracy of perhaps +50% should be assigned 
to the numerical values of the decay constants. It might be noted that the variation 
of k2 with temperature seems well beyond these limits. 
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TERNARY COMPOUNDS IN THE SYSTEM NH;-H;0.-H,0' 


PauL A. GIGUERE AND Davip CHIN 


ABSTRACT 


A thermal analysis of the three-component system ammonia — hydrogen peroxide — water 
was carried out by adding anhydrous ammonia to the hydrate H.O.2-2H,0. A first compound 
was found, with formula NH;-3H.202.6H,O, melting at —28.9° C; another compound melting 
around 15° appears to be a hydrate of ammonium peroxide, (NH,4)20.-2H:O. The eutectics 
are at —54.5°, 0.7% NHs:, and —33.4°, 12.5% NH3. Careful redeterminations have con- 
firmed that the melting point of the hydrate H,0.-2H:0 is —52°, not —50° as was sometimes 
claimed. The latent heat of fusion of that compound is estimated to b2 3.9 kcal and the degree 
of dissociation on melting, about one-third. 


Following various investigations, the phase equilibria are now fairly well established 
for the three binary systems NH;-H:,0O (1, 2), HxO.-H2O (3), and NH;-H2QOz¢ (4, 5). 
For reference the three phase diagrams are illustrated in Fig. 1. No work has been re- 
ported yet on the corresponding three-component system, although formation of ternary 
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Fic. 1. Phase equilibria in the three binary systems formed between ammonia, hydrogen peroxide, and 
water. The present investigation was carried out along the plane marked by the arrows. 


compounds was to be expected. Some evidence in that connection was detected in a 
recent spectroscopic study of crystalline ammonium hydroperoxide (6). Using the same 
thermal analysis apparatus as previously (7) the melting-point curve along the plane 
NH;-H,02-2H,0 was determined up to 20% ammonia.* Beyond that concentration the 
method used was impracticable due to the high partial pressure of ammonia over the 
solutions. 


EXPERIMENTAL 
The compound H,O2-2H,0 was selected as the starting point in preference to the 
1 Manuscript received August 10, 1959. 
Contribution from the Department of Chemistry, Laval University, Québec, Que., with financial assistance 


f rom the National Research Council. ; 
*Throughout this paper the compositions are given in weight. 
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hydrates of ammonia which melt at much lower temperatures; as for ammonium hydro- 
peroxide, m.p. 25° (4), preliminary tests indicated that it decomposes badly when small 
amounts of water are added. On the contrary, a stable stock solution of hydrogen per- 
oxide 48.6% in water is easily prepared. Anhydrous ammonia gas from a commercial 
cylinder was first dried over pellets of caustic potash and bubbled slowly through the 
solution of hydrogen peroxide in the freezing tube. The latter was cooled in ice to prevent 
decomposition of the peroxide by the heat of solution. A precision bore flow-rator was 
used to meter the ammonia gas, and the final composition of the solution was determined 
by titration of an aliquot with 0.1 N HCl using methyl orange as indicator; there was no 
noticeable interference from the hydrogen peroxide. Because of the strong tendency of 
the solutions to supercool, seeding was required in most cases. 


DISCUSSION OF RESULTS 


Some 20 melting-point determinations are listed in Table I and shown on the phase 
diagram in Fig. 2. The first compound encountered at 7.5% NH; separated out as a fine 
white powder that settled at the bottom of the freezing tube. Existence of a definite 














TABLE I 

Freezing points in the system NH;—H.02-2H.O 

% NHs rc || %NH, TC 
0.0 —52.2 7.5 —28.9 
0.30 —53.1 8.93 —29.1 
0.58 —54.0 || 10.4 —30.2 
0.70 -54.3 || i138 —31.5 
1.08 -—51.8 || 12.5 —32.5 
1.56 —48.5 || 13.7 —24.4 
1.80 —47.4 14.6 ~os 
2.28 -45.6 || 17.0 =~ $7 
3.1 —41.3 | 18.2 ~ 69 
6.2 299 || 19.8 — 4.0 





compound with formula NH;-3(H.2O2-2H.,O) was in a way unexpected since the corre- 
sponding binary compounds have not been found, either in the ammonia-—water or in the 
ammonia — hydrogen peroxide systems. However, the latter two-component system has 
not been investigated thoroughly in the low ammonia concentration range. Maass and 
Hatcher (4) reported no measurement from 4.3 to 18% NHs, and in the more recent 
work of Mironov (5) a single determination was carried out at 9.7% NH; which pointed 
to a much lower eutectic temperature, — 93°, than at first thought, —47° (4). The difficulty 
here comes from the extreme viscosity and the turbidity of these solutions at low tem- 
peratures so that they cannot be made to crystallize cleanly. A couple of attempts yielded 
melting points of —17.6° and —4.2° respectively for solutions of 4.5% and 13.9% NH; 
in anhydrous hydrogen peroxide, in fair agreement with the data of Maass and Hatcher. 
Although that portion of the phase diagram remains unsettled it seems very doubtful, 
from the trend of the liquidus, if a compound NH;-3H.O: exists. 

The other ternary compound appeared when solutions containing over 15% NH; 
were cooled. In the melting-point apparatus it separated out as white granular crystals 
much denser than the liquid; when grown slowly from the appropriate solutions at around 
—10° it resembled a lump of sugar and was indefinitely stable at 0°. Several melting- 
point measurements gave only an approximate value. At 12° the crystals looked damp 
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Fic. 2. Melting point curve for the system NH;-H.202°2H,0. 


and seemed to wet the glass capillary; at that stage there was some gas evolution. Lique- 
faction was complete by 15°. The premelting was no doubt caused by some trapped 
mother liquor as shown by the chemical analysis: 31.5% NH; against the theoretical 
32.7% for the ratio 2NH;/H2O2-2H,0. 

The nature of the two ternary compounds is of some interest in relation to the various 
binary compounds of the three systems under consideration. The solid hydrates of am- 
monia have been proved by spectroscopy (8) and other physical methods (9, 10) to exist 
as molecular crystals; likewise the dihydrate of hydrogen peroxide is of the molecular 
type in the solid state (11). On the other hand, the 1:1 ammonia — hydrogen peroxide 
compound, although molecular in the molten state (12), is actually ionic when solid, 
NH,O2H (6, 13) due, probably, to the mild acid—base character of the two components. 
As for the meritectic 2:1 ammonia — hydrogen peroxide compound (Fig. 1) discovered 
recently by Mironov (5) it must have a molecular structure considering its low melting 
point, —93°, and narrow range of existence. Now, these two criteria point to the same 
conclusion as far as the first ternary compound NH3;-3H2O2-6H,0O is concerned. For the 
other ternary compound, however, the apparently sharp melting curve and good thermal 
stability denote rather some degree of ionic character as would be expected in the hydrate 
of ammonium peroxide, (NH,4).O2:2H.O. An attempt was made to establish that struc- 
ture by infrared spectroscopy in the 3u region, but due to difficulties in preparing a suit- 
able sample of the solid, together with strong absorption from the water of crystallization, 
only vague indications could be found of the characteristic bands of the NH, ion. It is 
not clear why the presence of water of crystallization should favor an ionic structure 
while the anhydrous ammonium peroxide does not exist. 
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This time again a very careful redetermination of the melting point of the hydrate 
H,02-2H,0 has confirmed the value —52° found previously in this laboratory by two 
different methods (7, 14). The higher value —50.2° reported at first (3), and again 
recently, by Mironov (15, 16) must be discarded for reasons already set forth (7). In 
addition, further results from the same author on the ammonia—water system (17) show 
the same systematic discrepancy of 2° with all other published data (2). Lastly, the heat 
of fusion of the hydrate H,O,-2H,O was estimated to be 3.9 kcal from the average of a 
few calculations based either on its melting curve, after correction for the presence of the 
solute (H2O2) in the solid phase, or on the lowering of its melting point by methanol. 
Two determinations with the latter gave a A ~. = 1.42° for a 0.838 molal solution and 
2.73° for a 1.58 molal solution of CH;OH in -1,0.-2H.O. By means of the van Laar 
equation (18) the degree of dissociation of the hydrate on melting is found to be about 
one-third. 


RESUME 

L’analyse thermique du systéme NH;-H.O2-2H.0 a prouvé l’existence de deux com- 
posés ternaires; l’un, NH;-3H.O2-6H.O fond 4 —28.8°C, l’autre, probablement un 
hydrate du peroxyde d’ammonium, (NH,4).02-2H.O, fond aux environs de 15°. Deux 
points eutectiques se trouvent a 0.7% de NH; et —54.5°, et A 12.5% de NH; et —33.4°. 
On a de nouveau vérifié que le point de fusion de l’hydrate H.O2-2H,0 est bien — 52° et 
non pas —50°. La chaleur de fusion de ce composé est d’environ 3.9 kcal et il se dissocie 
dans la proportion d’un tiers en fondant. 
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L’ARYLATION DES QUINONES PAR LES SELS DE DIAZONIUM 


VI. SUR L’IDENTIFICATION DE L’ISOMERE OBTENU PAR 
L’ARYLATION DE LA TOLUQUINONE! 
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RESUME 


Les trois phényltoluquinones isoméres ont été synthétisées 4 partir de diverses nitroluidines. 
Ces amines ont donné successivement, par condensation avec le benzéne, des méthylnitro- 
biphényles, par réduction, des méthyl-aminobiphényles et finalement, par oxydation, la t 
2-méthyl-3-phényl-1,4-benzoquinone, la 2-méthyl-5-phényl-1,4-benzoquinone et la 2-méthy]l- 
6-phényl-1,4-benzoquinone. La 2-méthyl-5-phényl-1,4-benzoquinone ainsi préparée et la 
phényltoluquinone obtenue par la réaction de la toluquinone avec le chlorure de benzéne- 
diazonium sont identiques. 

Une série de réactions analogues a partir de la 4-chloro-2-nitraniline a donné naissance 3 
successivement au 4-chloro-2-nitrobiphényle, au 4-chloro-2-aminobiphényle et a la 2-chloro- 
5-phényle-1,4-benzoquinone. Cette phénylchloroquinone est identique a l’isomére principal 
isolé de la réaction entre la chloroquinone et le chlorure de benzéne-diazonium. 


Dans un travail précédent (1) nous avons décrit la réaction de la toluquinone (I, 
X = CHs;) avec des sels de diazonium aromatiques en milieu tampon aqueux, réaction 
qui donne des monoaryltoluquinones (II, X = CHs;). Il était déj& connu que, suivant 
des conditions semblables, des monoaryl-1,4-benzoquinones (I, X = Ar) donnent 
naissance a des 2,5-bisaryl-1,4-benzoquinones (II, X = Ar) (2, 3, 4, 5) et que la chloro- 
quinone (I, X = Cl) produit des monoarylchloroquinones (II, X = Cl) isoméres (6). 
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Toutefois, ces résultats ne permettaient pas de déduire d’une fagon certaine lequel 
des trois isoméres possibles, la 3-aryl-2-méthyl-1,4-benzoquinone (III), la 5-aryl-2- 
méthyl-1,4-benzoquinone (IV) ou la 6-aryl-2-méthyl-1,4-benzoquinone (V), est isolé du 


produit de la réaction de la toluquinone avec les sels de diazonium. Dans le but d’établir : 
la constitution de cet isomére, nous avons synthétisé les trois phényltoluquinones XXI, 
XXII et XXIII par une suite de réactions non équivoques. Quant aux autres aryl- ; 
toluquinones qui se forment au cours de l’arylation de la toluquinone avec les sels de ; 


diazonium préparés a partir de diverses anilines substituées, il est fort probable qu’elles 
ont la méme structure que la phényltoluquinone (II, X = CH;, Ar = @) obtenue par 
Ja phénylation de la toluquinone (1). 
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En suivant la modification d’Ellis et al. (7), apportée a la réaction de Gomberg (8), 
nous avons fait agir le benzéne sur le chlorure de diazonium provenant de la 3-méthyl-5- 


nitraniline (VI), de la 4-méthyl-3-nitraniline (VII), de la 4-méthyl-2 


-nitraniline (VIII), 


de la 2-méthyl-3-nitraniline (IX) et de la 6-méthyl-2-nitraniline (X). Ainsi nous avons 
obtenu respectivement le 3-méthyl-5-nitrobiphényle (XI), le 4-méthyl-3-nitrobiphényle 
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le 4-méthyl-2-nitrobiphényle (XIII) 
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et le 2-méthyl-3-nitrobiphényle (XIV). 
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Toutefois, exécutée avec la 6-méthyl-2-nitraniline (X), la réaction a conduit a la for- 
mation du 7-nitroindazole (XVI), (9, 10) au lieu du 6-méthyl-2-nitrobiphényle (XV). 

La réduction catalytique des méthylnitrobiphényles dans |’éthanol en présence de 
palladium a donné avec de bons rendements le 3-méthyl-5-aminobiphényle (XVII), 
le 4-méthyl-3-aminobiphényle (XVIII), le 4-méthyl-2-aminobiphényle (XIX) et le 
2-méthyl-3-aminobiphényle (XX) correspondants. 

L'oxydation de ces méthyl-aminobiphényles par le peroxyde de plomb dans I’acide 
sulfurique 50% selon la méthode de Willstatter et Dorogi (11) a permis d’obtenir les 
trois phényltoluquinones isoméres désirées, soient la 2-méthyl-6-phényl-1,4-benzo- 
quinone (XX1J), la 2-méthyl-5-phényl-1,4-benzoquinone (XXII) et la 2-méthyl-3-phényl- 
1,4-benzoquinone (XXIII). 

La 2-méthyl-5-phényl-1,4-benzoquinone (XXII) ainsi obtenue et la phényltoluquinone 
isolée du produit de la réaction de la toluquinone avec le chlorure de benzéne-diazonium 
se révélérent identiques par leur point de fusion, le point de fusion mixte et leur spectre 
infrarouge (Fig. 1). 

C'est aussi fort probablement l’isomére correspondant, c’est-a-dire la 2-méthyl-5-aryl- 
1,4-benzoquinone (IV), que l’on isole comme produit principal a la suite de la réaction 
entre la toluquinone et le chlorure de diazonium obtenu d’une aniline substituée (1). 

Nous avons observé que la 2-méthyl-3-phényl-1,4-benzoquinone (XXIII) est instable. 
Lorsque la quinone est exposée a la lumiére solaire, soit a l'état. solide, soit en solution 
dans l'eau, l’acétone ou |’éther, elle se transforme assez rapidement en |’hydroquinone 
(XXIV) incolore correspondante, comme le démontre l’analyse. Fieser et al. (12) men- 
tionnent une observation analogue faite au cours de la purification de la 2,3-diméthyl- 
1,4-benzoquinone. D’aprés ces auteurs, cette substance, lorsqu’elle est exposée au soleil, 
se décomposerait en un polymére incolore; mais il nous semble probable qu’elle se trans- 
forme pluté6t en 2,3-diméthyl-hydroquinone. 

Au cours de l’arylation de la toluquinone (1) nous avons constaté a plusieurs reprises 
‘apparition d’un film bianc a la surface d’échantillons d’aryltoluquinones conservés a 
la lumiére du jour. Ces aryltoluquinones avaient été purifiées au préalable, mais n’avaient 
pas encore un point de fusion constant. Ceci nous fait supposer la présence de l’isomére 
2-méthyl-3-aryle dans le produit de la réaction. 

Une série de réactions analogue a celle qui a servi a4 la synthése des phényltoluquinones 
a été exécutée a partir de la 4-chloro-2-nitraniline (X XV). Elle a donné successivement, 
par condensation avec le benzéne, le 4-chloro-2-nitrobiphényle (X XVI), par réduction 
avec le fer activé (13), le 4-chloro-2-aminobiphényle (X XVII) et, finalement, par oxy- 
dation avec du peroxyde de plomb, la 2-chloro-5-phényl-1,4-benzoquinone (XXVIII). 
Le point de fusion de cette phénylchloroquinone et celui de produit principal obtenu de 
la réaction entre la chloroquinone et le chlorure de benzéne-diazonium que l'on croyait 
étre la 2-chloro-6-phényl-1,4-benzoquinone (6) est le méme. Le point de fusion mixte 
et les spectres infrarouges (Fig. 2) confirment l’identité des deux composés. 

La préparation de la 2-méthyl-3-nitraniline (IX) a partir du 1,3,5-trinitrotoluéne selon 
la méthode décrite dans la littérature (14) n’a donné que de mauvais résultats. En parti- 
culier, il a été impossible de réaliser le rendement mentionné pour la réduction du trini- 
trotoluéne en 4-méthyl-3,5-dinitraniline. Pour cette raison nous donnons dans la partie 
expérimentale une description améliorée de sa synthése par les intermédiaires 4-méthyl- 
3,5-dinitraniline et 2,6-dinitrotoluéne. 








‘aAupydiq-ourwe-¢-[Ayjgu-F Np no -ourwe-Z-[Ay}gu-f Np uonepAxo,| sed anuayqo suou;.ibozuaq-p‘]-[Augyd-¢-[AyI9-z (q) 
‘uintuOzeIp-augzuaq ap ainsojyo aj 4ed auounbnjo} e ap uoNejAugyd sed anuaj}qo auournbozuaq-p‘[-[Augyd-¢-[AyIa-Z (YW) ‘sednosesjur sasjvedg *T ‘OLY 


1-WD NI YSEWNNSAVM 


ry 


S 
77) 
ie) 
Z 
° 
z 
=) 
jo 
n 
(é3] 
fa) 
Z 
° 
= 
be 
<= 
J 
a 
~% 
x 
a) 
% 
(ea) 
>) 
oO 
sad 
4 
Q 
Zz 


GERLE 


HOE 


SNOWDIW NI HLONSTSAVM 











‘ajAuaydiqoutwe-z-o10]4y9-$ Np uonepAxo,] red anuayqo auournbozuaq-F*‘ [-[Augyd-G-o10]4-Z (q) 
‘UINIUOZRIP-dUuQzuaq Ip aaNs0; YS a] 4ed suOUINbOIOTYO e] ap uONRAUgYyd sed anuayqo auouinbozuaq-F‘ [-[Augyd-¢-o10[Y4-Z (Wy) ‘sesnosesjur saijvadg = *Z% ‘DIY 


1-WSD NI YSEWNNSAVM 


CANADIAN JOURNAL OF CHEMISTRY. VOL. 37, 1959 





SNOWDIN NI HLONSTSAVM 


207 









HOEGERLE AND L’ECUYER: L'ARYLATION DES QUINONES. VI 2073 


PARTIE EXPERIMENTALE? 
3,5-Dinitro-4-méthylaniline 

La réduction du 2,4,6-trinitrotoluéne (410 g) est exécutée selon la description donnée 

par Lowe (15) jusqu’a l’essoration du produit brut. Celui- ci est alors agité vigoureusement 
avec 2000 ml d’acide chlorhydrique 10% 4 environ 75° et la solution est filtrée 4 chaud. 
On extrait le solide deux autres fois de la méme fagon et les filtrats réunis sont ensuite 
versés dans environ six fois leur quantité d’eau froide. L’amine brute se sépare alors 
sous la forme d’un solide jaune de p.f. 135-165°. Celui-ci est dissous 4 chaud dans de 
l’éthanol et la solution bouillie avec du noir animal, filtrée et diluée avec un cinquiéme 
de son volume d’eau. La 4-méthyl-3,5-dinitraniline (rendement, 76g; 78.6% de la 
théorie) cristallise en aiguilles rouges de p.f. 169-171° (p.f. lit. 171-172° (14)). 
2,6-Dinitrotoluéne 

A de la 4-méthyl-3,5-dinitraniline (59.1 g) triturée avec 450 ml d’acide chlorhydrique 
concentré, on ajoute 130 ml d’eau et 120g de glace et on diazote 4 0° avec 21.6 g de 
nitrite de sodium solide (3 heure). Dans la solution bien agitée mécaniquement et refroidie 
a 0° (bain réfrigérant) on laisse dégoutter une solution froide (400 ml) d’acide hypo- 
phosreux 4 30%. Aprés l’addition de 150 ml de cette solution un fort dégagement d’azote 
commence a se produire. Une fois l’addition de l’acide hypophosreux terminée on continue 
d’agiter pendant 20 heures a la température ambiante. Le précipité rouge-brunatre 
formé est alors essoré, séché, dissous dans du benzéne et chromatographié sur 300 g 
d’alumine. Par élution avec le méme solvant (500 ml), on recueille 41 g (75% de la 
théorie) de 2,6-dinitrotoluéne de p.f. 66° (lit. 65-66° (14)). 

2- Méthyl-3-nitraniline (1X) 

Tout en faisant barboter un courant d’acide sulfhydrique gazeux dans une solution 
de 2,6-dinitrotoluéne (59.72 g) dans de l’éthanol (200 ml) bouillie 4 reflux, on introduit 
lentement une solution de sulfure d’ammonium (50 ml d’ammoniaque concentrée fraiche- 
ment saturée d’acide sulfhydrique). On continue de faire barboter l’acide sulfhydrique 
pendant 13 heure, a la température d’ébullition, on filtre ensuite le soufre précipité, le 
lave deux fois a l’alcool et évapore le filtrat a siccité. Le résidu est extrait deux fois a 
chaud avec 300 ml d’acide chlorhydrique dilué (1:1). Les extraits réunis sont traités 
a l'ammoniaque concentrée jusqu’a l’apparition d’un précipité brun. On filtre la solution 
et la neutralise 4 l’ammeniaque (pH = 7). On obtient 42.7 g (86% de la théorie) de 
2-méthyl-3-nitraniline de p.f. 86-88° (lit. 90-91° (14)). 
2-Méthyl-3-nitrobiphényle (XIV) 

On triture de la 2-méthyl-3-nitraniline (42.7 g) avec 150 ml d’acide chlorhydrique 
concentré, on ajoute a cette pate 80 g de glace et, tout en agitant vigoureusement et en 
maintenant le mélange a environ 3-4° (bain réfrigérant), on diazote avec 20.5g de 
nitrite de sodium solide. A la sclution diazoique filtrée on ajoute 800 ml de benzéne 
et une solution de 200 g d’acétate de sodium trihydraté dans 700 ml d’eau et on con- 
tinue d’agiter pendant 2 heures a 5° et durant 20 heures a la température ambiante. 
Ensuite, on chauffe a 70° l’émulsion formée, décante la couche benzénique, extrait la 
phase aqueuse au benzéne chaud et réunit les extraits benzéniques. Ceux-ci sont lavés 
successivement a la soude 2 N, a l’eau, a l’acide chlorhydrique 2 N et finalement a l'eau. 
On évapore le benzéne et distille l’huile rouge résiduelle (12.3 g). On recueille ainsi, 4.0 g 
(12% de la théorie) d’une huile jaune de p.é. 116—118°/0.0001 mm. Le 2-méthyl-3-nitro- 
biphényle cristallise dans le méthanol en lamelles jaunes de p.f. 72.5-73°. Calculé pour 

C13H11:02N: C, 73.22%; H, 5.20%; N, 6.57%. Trouvé: C, 73.26%; H, 5.33%; N, 6.57%. 


8Les points de fusion (p.f.) ont été pris en tubes capillaires et ne sont, ainsi que les points d’ébullition (p.é.), 
pas corrigés. Les microanalyses ont été effectuées par M. W. Manser, Ziirich, Suisse. 
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4-Méthyl-2-nitrobiphényle (XI11) 

A 38.04 g de 4-méthyl-2-nitraniline (16) triturée avec 80 ml d’acide chlorhydrique 
concentré, on ajoute 45 g de glace et diazote 4 0-5° avec une solution de 18 g de nitrite 
de sodium dans 50 ml d’eau. On filtre la solution diazoique, ajoute 550 ml de benzéne 
et 80g d’acétate de sodium trihydraté dissous dans 200 ml d’eau et agite pendant 3 
heures a 5-10° et 45 heures a la température ambiante. On brise l’émulsion formée en 
la filtrant dans un entonnoir en verre poreux. La phase benzénique est séparée et lavée 
successivement a la soude 2 N, a l’eau, a l’acide chlorhydrique 2 N et a l’eau. En éva- 
porant le solvant et en distillant le résidu on obtient 23.47 g (43.5% de la théorie) d’une 
huile jaune de p.é. 126—128°/0.0003 mm. (Ritchie (17) donne le p.é. 207—209°/28 mm.) 


4-Méthyl-3-nitrobiphényle (X11) 

De la 4-méthyl-3-nitraniline (34.25 g) est diazotée et condensée avec le benzéne 
comme il est décrit précédemment pour le 2-méthyl-3-nitrobiphényle. Par distillation 
du produit brut on obtient 10.3 g (21.5% de la théorie) d’une huile de p.é. 132—134°/ 
0.0003 mm. Le 4-méthyl-3-nitrobiphényle forme dans 1’éthanol des cristaux jaundtres 
de p.f. 63.5-64.5°. Calculé pour Ci3;3H1O2N: C, 73.22%; H, 5.20%; N, 6.57%. Trouvé: 
C, 73.17%; H, 5.30%; N, 6.66%. Cette substance a déja été préparée par Wessely et 
al, (18) qui donnent le p.f. 61-62°, mais ni analyse, ni rendement. 


3-Meéthyl-5-nitrobiphényle (X1) 

De la 4-méthyl-2,6-dinitraniline (19) est désaminée dans un mélange alcool — acide 
sulfurique (1:1) avec du nitrite de sodium solide. Le 3,5-dinitrotoluéne est isolé et par- 
tiellement réduit selon la méthode utilisée précédemment pour la 2-méthyl-3-nitraniline. 
On diazote la 5-méthyl-3-nitraniline (23 g) ainsi obtenue et condense son sel de diazonium 
avec le benzéne (500 ml) en présence de 100g d’acétate de sodium cristallisé. Aprés 
24 heures d’agitation la réaction est terminée. On isole le produit comme il est décrit 
précédemment dans le cas du 4-méthyl-2-nitrobiphényle et recueille 17 g (54% de la 
théorie) d’une huile jaune pale de p.é. 140—143°/0.002 mm. Dans le méthanol le 3-méthyl- 
5-nitrobiphényle donne des cristaux jaunes pales de p.f. 85.5-86°. Calculé pour C;;H102N: 
C, 73.22%; H, 5.20%; N, 6.57%. Trouvé: C, 73.22%; H, 5.19%; N, 6.62%. 


4-Chloro-2-nitrobiphényle (X XVI) 

De la 4-chloro-2-nitraniline (52g) est diazotée selon Fierz-David (20, p. 236). On 
filtre la solution diazoique et lui ajoute 750 ml de benzéne. Dans ce mélange bien agité 
et refroidi a 5°, on introduit assez rapidement 100 g d’acétate de sodium trihydraté et 
agite 2 heures a cette température et 12 heures a la température ambiante. Le produit 
de la réaction est isolé comme précédemment et distillé. On recueille, 4 135-137°/0.0002 
mm, 32.78 g (44% de la théorie) de 4-chloro-2-nitrobiphényle, qui cristallise dans le 
méthanol sous forme de prismes de p.f. 52-53°. Calculé pour Cy2HsO2NCI: C, 61.68%; 
H, 3.45%; N, 6.00%. Trouvé: C, 61.71%; H, 3.65%; N, 6.19%. 


7-Nitroindazole (XVI) 

De la 2-méthyl-6-nitraniline (21) (56.8 g) est diazotée et condensée avec le benzéne 
tel que décrit précédemment dans le cas du 4-méthyl-2-nitrobiphényle. Aprés 45 heures 
d’agitation a la température ambiante, on porte le mélange 4 70—80° pour briser l’émulsion 
et dissoudre le précipité formé. La couche benzénique est décantée et la phase aqueuse 
extraite une autre fois au benzéne chaud. Les extraits réunis sont lavés a la soude et a 
l’acide, et ensuite concentrés a 200 ml. De cette solution on obtient 14.7 g d’une substance 
qui, recristallisée dans le benzéne et dans le méthanol (noir animal), donne 13g de 

















HOEGERLE AND L’ECUYER: L'ARYLATION DES QUINONES. VI 2075 
cristaux jaunes pales de p.f. 185-187°. L’analyse démontre qu'il ne s’agit pas du 
2-méthyl-6-nitrobiphényle attendu, mais du 7-nitroindazole (p.f. lit. 186.5-187.5° (10)). 
Calculé pour: C;H;O.N3: C, 51.54%; H, 3.09%; N, 25.76%. Trouvé: C, 51.57%; H, 
2.84%; N, 25.51%. 

4-Méthyl-2-aminobiphényle (X1X) 

Du 4-méthyl-2-nitrobiphényle (26.10 g), dissous dans 50 ml d’éthanol, est réduit 
catalytiquement en présence de 1 g de chlorure de palladium. La réduction terminée, 
on essore le catalyseur et évapore le solvant sous pression réduite. Le résidu est repris 
par de |’éther et traité a l’acide chlorhydrique gazeux. Le p.f. du chlorhydrate ainsi 
obtenu (25.5 g) est 196-198°, et celui du picrate cristallisé dans l’éthanol est 159-161° 
(lit. 161° (17)). 

Le dérivé acétylé, préparé a partir de 200 mg de la base et de 1 ml d’anhydride acétique 
et cristallisé dans le méthanol, fond 4 145.5-146.5°. Calculé pour C1;H,sON: C, 79.97%; 
H, 6.71%; N, 6.22%. Trouvé: C, 79.96%; H, 6.77%; N, 6.24% 


4-Méthyl-3-aminobiphényle (XVIII) 

Du 4-méthyl-3-nitrobiphényle (10.30 g) est réduit et l’amine formée isolée comme il 
est décrit précédemment. On obtient 10.6 g (100% de la théorie) de chlorhydrate de 
4-méthyl-3-aminobiphényle. En chauffant ce sel, la base se sublime en belles lamelles 
incolores de p.f. 59-60° (lit. 54-55° (18)). 


3- Méthyl-5-aminobiphényle (XVII) 

Du 3-méthyl-5-nitrobiphényle (16.8 g) est réduit en présence de palladium et la base 
formée est isolée a l’état de sulfate (14 g) dans de l’éther anhydre. Le sulfate fond a 
196-200°, le chlorhydrate 4 220—223° et la base, aprés cristallisation dans l’éther de 
pétrole, 4 79-82° (lit. 80-82° (22)). Calculé pour Ci3;HisN: C, 85.20%; H, 7.15°%; N, 
5.64%. Trouvé C, 85.14%; H, 7.17%; N, 7.69%. 


,-Chloro-2-aminobiphényle (X XVII) 

De la poudre de fer (passée au tamis de 40 mailles) (150 g) est activée (13) et ajoutée 
a une solution de 15 g de 4-chloro-2-nitrobiphényle dans 500 ml de benzéne. Le mélange 
est agité mécaniquement et bouilli a reflux. Au cours de 7 heures on ajoute en petites 
portions 60 ml d’eau et continue de chauffer et d’agiter pendant 12 heures. La solution 
est ensuite filtrée et évaporée a siccité. L’huile résiduelle (11.7 73 g) (90% de la théorie) 
distille 4 105-106°/0.0002 mm. Calculé pour CyHioNCl: C, 70.73%; H, 4.95°%; N, 
6.88%; Cl, 17.41%. Trouvé: C, 70.52%; H, 5.06%; N, 7.00%; Cl, 17.54% 


2- Méthyl-3-phényl-1 ,4-benzoquinone (XXIII) 

Du 2-méthyl-3-nitrobiphényle (3.25 g) est dissous dans 50 ml d’éthanol et réduit 
catalytiquement a la pression atmosphérique en présence de 300 mg d’oxyde de platine. 
L’hydrogénation terminée, le catalyseur est éliminé par filtration et la solution de l’amine 
évaporée a sec. On reprend le résidue a l’éther et ajoute quelques millilitres d’un mélange 
d’acide sulfurique concentré et d’éthanol (1:1). Le sulfate ainsi obtenu est oxydé sans 
aucune purification. On l’agite pendant 40 heures 4 0° avec 12 g de peroxyde de plomb 
dans 200 ml d’acide sulfurique a 50%. On dilue ensuite le mélange réactionnel avec 
deux fois sa quantité d’eau et on le filtre. Le résidu et le filtrat sont épuisés a l’éther et 
les extraits réunis séchés sur du sulfate de sodium anhydre et évaporés. On recueille 
ainsi 600 mg de quinone qui, cristallisée plusieurs fois dans de l’acétone aqueux (1:1) et 
ensuite dans de l’éther de pétrole, fond a 79-81°. Calculé pour C13Hi9O2: C, 78.77%; 
H, 5.09%; O, 16.14%. Trouvé: C, 78.57%; H, 5.05%; O, 16.42% 
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2-Méthyl-3-phénylhydroquinone (XXIV) 

Une solution aqueuse de la 2-méthyl-3-phényl-1,4-benzoquinone (XXIII) est exposée 
a la lumiére solaire. En quelques jours la solution se décolore et Il’hydroquinone corre- 
spondante cristallise en longues aiguilles incolores de p.f. 133-134°. Calculé pour C13H1.02: 
C, 77.98%; H, 6.04%. Trouvé: C, 77.91%; H, 6.04%. 


2-Méthyl-5-phényl-1 ,4-benzoquinone (XXII) 

(1) Du 4-méthyl-2-aminobiphényle (5.83 g) est agité pendant 55 heures 4 0-5° avec 
32 g de peroxyde de plomb dans 150 mi d’acide sulfurique 4 50%. On extrait la phase 
solide et liquide séparément au benzéne, réunit les extrait et les lave une fois a l’eau. Une 
fois le solvant évaporé, on distille le résidu 4 la vapeur d’eau et épuise le distillat a 
l’éther. La solution éthérée fournit 1.5 g de quinone qui, aprés plusieurs cristallisations 
dans du méthanol (noir animal), a le p.f. 111-112°. Calculé pour C;3H1Oe2: C, 78.77%; 
H, 5.09%. Trouvé: C, 78.78%; H, 5.03%. Le p.f. mixte de cette substance avec le 
produit de p.f. 109-111° obtenu par phénylation de la toluquinone (1) est 109-112°. 

(B) Comme précédemment, on oxyde le 4-méthyl-3-aminobiphényle (5.61 g) pendant 
24 heures avec 31 g de peroxyde de plomb dans 150 ml d’acide sulfurique 4 50%. Le 
rendement de la quinone brute est 5.27 g (86% de la théorie). La substance, cristallisée 
quelques fois dans un mélange acétone-eau (1:1) (noir animal) et ensuite dans du 
méthanol, fond a 108-111°. Les p.f. mixtes de cette substance avec le produit obtenu 
par phénylation de la toluquinone (1) et par la méthode (1), ne sont pas abaissés. Les 
spectres infrarouges (solution 4 10% dans le chloroforme) sont également identiques. 


2-Méthyl-6-phényl-1 ,4-benzoquinone (XX1) 

Du sulfate de 3-méthyl-5-aminobiphényle (8 g) est oxydé par 32 g de peroxyde de 
plomb dans 300 ml d’acide sulfurique 4 50% et le produit de la réaction est isolé comme 
il est décrit précédemment. Le produit pur (0.5 g) cristallise dans le méthanol en aiguilles 
jaune-orange de p.f. 57-58°. Calculé pour Ci;3HiO2: C, 78.77%; H, 5.09%. Trouvé: 
C, 78.75%; H, 5.05%. 
2-Chloro-5-phényl-1 ,4-benzoquinone (XXVIII) 

L’oxydation du sulfate de 4-chloro-2-aminobiphényle (10 g) par 40 g de peroxyde de 
plomb dans 300 ml d’acide sulfurique 4 50% selon le procédé habituel donne 7.1 g de 
quinone brute. Un échantillon de ce produit, distillé 4 la vapeur d’eau et cristallisé dans 
un mélange acétone—méthanol, donne la 2-chloro-5-phényl-1,4-benzoquinone pure de p.f. 
130-131.5° Calculé pour C,2H;O2C1:C, 65.92% ; H, 3.23%; Cl, 16.22%. Trouvé:C, 65.66% ; 
H, 3.19%; Cl, 16.18%. Le p.f. mixte de cette substance et du produit principal isolé 
de la réaction entre la chloro-1,4-benzoquinone et le chlorure de benzéne-diazonium (6) 
n'est pas abaissé, et les spectres infrarouges des deux (solution 4 10% dans le chloro- | 
forme) sont de plus identiques. 
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ON THE COUPLING BETWEEN H! AND F” NUCLEI IN 
p-FLUOROTOLUENE. IP! 


T. SCHAEFER? AND W. G. SCHNEIDER 


ABSTRACT 


By making use of specific solvent interaction effects it has been found possible to vary 
the relative chemical shift between ortho and meta protons in p-fluorotoluene continuously 
from about 0.2 p.p.m. to zero. The values of the HF coupling constants were found to be 
JHE, = 8.7 c/s and JHE = 5.8c/s. As the internal chemical shift goes to zero the ring 
proton spectrum collapses to two lines with a separation of 7.3. c/s. This splitting is inter- 
preted as equal to (J.#F + JnHF). Corresponding changes observed in the CH; proton 
spectrum are consistent with this interpretation. 


INTRODUCTION 

The proton and fluorine high resolution nuclear magnetic resonance spectra of liquid 
p-fluorotoluene at 29.92 Mc/s (for H') have recently been interpreted on the basis of a 
negligible internal chemical shift in the ring proton spectrum and with J,@F = J,HF 
= 7.4c s (a better value is 7.3 c/s)* (1). The latter condition was sufficient to explain 
the distribution and intensities of the lines. In addition, there was a coupling of about 
0.9 c/s between the methyl protons and the fluorine. 

It is known that normally J,,"* < J,@¥. In p-fluoroaniline, for instance, J,"* = 5.1 c/s 
and J,"F = 8.6 c/s (2). If one considers a three-spin } system such that two of the 
spins see a field H2 but are unequally coupled to the third at field H, one notes that, 
under certain circumstances, the spliiting of the lines is equal to an average of the two 
coupling constants (this does not mean that the coupling between the nuclei is averaged). 
An approximate example is the ring proton spectrum of 2,5-dichloronitrobenzene (3). 
The question arises whether the spacing of 7.3. c/s between the two lines of the ring 
proton spectrum of p-fluorotoluene might not also be an average of Jn"* and J,"". 

If one could change the internal chemical shift in the ring continuously in some way 
from zero to a relatively large value, some information on this matter should be obtain- 
able. This was found possible by making use of specific solvent effects (4). Dilution of 
p-fluorotoluene in acetone shows a large increase in the relative shift between the protons 
ortho and meta to the fluorine atom, while dilution in benzene shows a progressive 
decrease of the shift to zero. It is the purpose of this work to show (a) that the values 
of the proton—fluorine coupling constants are J,@* = 5.8 c/s and Jo" = 8.7 c/s, and (6) 
that in the limit of zero internal chemical shift the line separation of the ring proton 
spectrum is equal to }(Jn"*+J,"") = 7.3 c/s. Inherent in the analysis is the assumption 
that solvent effects, while changing the relative chemical shifts, do not perceptibly alter 
the spin-coupling constants. This assumption is consistent with experimental observations 
to date. 


1Manuscript received August 4, 1959. 

Contribution from Division of Pure Chemistry, National Research Council, Ottawa, Canada. 

Issued as N.R.C. No. 5409. 

2Research associate, summer 1959. Present address: Chemistry Department, University of Manitoba, Win- 
nipeg, Manitoba. 

*JHF and J,.HF refer to the proton—fluorine coupling constant when the proton is respectively meta and 
ortho relative to the fluorine atom. 
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The methyl and ring proton spectra of p-fluorotoluene in the pure liquid and at various 
dilutions in acetone and benzene were measured at 60 Mc/s on a Varian High Resolution 
NMR spectrometer. The line separations were measured by the side-band technique. The 
concentrations by volume were approximate since the solvent was used only to change 


the ring proton shift. 


The ring proton and methyl proton spectra of p-fluorotoluene at the various con- 
centrations in acetone and benzene are shown in Figs. 1 and 2. The caption 1:35 benzene, 
for instance, denotes a solution consisting of 1 volume of -fluorotoluene dissolved in 
35 volumes of benzene. The relevant line separations are given in c/s. The main field 
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EXPERIMENTAL 


RESULTS 


Hy increases from left to right. 
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Fic. 1. Ring proton resonance spectra (at 60 Mc/s) of p-fluorotoluene and of p-fluorotoluene at various 
concentrations in benzene and acetone. At a concentration of 1:20 in benzene the relative chemical shift 
of ortho and meta protons is zero. 
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Fic. 2. Proton resonance spectra (at 60 Mc/s) of the methyl group of p-fluorotoluene at various 
concentrations in benzene and acetone. 


DISCUSSION 


(a) Analytics 
As in reference 1, the following labelling and notation is employed. 


CH; 
: : f 
(H) Ai (NA: (H) = Ph Me, Fe me TBP 
(H) Bs\ / Bs (H) Jis = Jyh, Jes = Jo 
X35 (F) 
I 


The ring proton spectrum at, say, 1:1 of acetone (Fig. 1.7) is the A,B part of an 
A2B2X spectrum (5). This case with the screening constants o, > og has been fully 
discussed for p-fluoroaniline (2). The case o, = og (i.e. AsA»’X) has been discussed for 
pure p-fluorotoluene measured at 29.92 Mc/s (1). In acetone solutions we have the case 
gp > oa: the protons ortho to fluorine are most shielded. We can limit our discussion 
to the four most intense lines in the proton spectrum, since their separations depend 
on (¢g—¢,) and on J,@F and J,"*. (The other lines go to zero intensity when og = oa, 
as discussed in reference 1.) 

From Table VI in reference 1 these four transitions correspond to lines 18, 19, 29, 
and 30. The energies of these transitions contain corrective terms, 4 and B, whose 
values depend on the sign of o,—¢,, which was taken as negative to correspond with 
the p-fluoroaniline case. When og—¢, > 0, as for p-fluorotoluene in acetone, the defini- 
tions of A and B as positive quantities change to 


A cos 20 = 3y0(oR3—o,4) —3(J35—JSi5) 
A sin 20 = 3 (Jo3+Jis) 
B cos 26 = 3v0(¢n—o4) +4(J35—Jis) 
B sin 26 3(Jo3+Ji3). 


(1] 


Hence the signs of 4A and B in transitions 18, 19, 29, and 30 must be changed. The 
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intensity of transition 18, for instance, changes from a value of 2(1 —sin 20) to2(1+sin 26). 
The energies of the transitions then become 


18. 3¥0(2— op — 4) +3(—2S13— 2S 23 +-Jist+Jss) +A 
19. 3¥0(2—op—o,) +3 (—2S13—2J23—Jis—Js5) +B 
29. 3¥0(2—-o3— G4) +3(2S13+2Jo3+Jis+Js5) — A 
30. 40(2—op—oa) +3(2S13+2J03—Jis—J35) —B. 


These four lines coalesce to two when og — o, as shown below in II. 


| —— ies — > | Op = OA 
c/s | A => B as 3(Jo3+Ji3) 
29 30 
~milp Bs 18 19 
II 


(b) The Ring Proton Spectrum 

Consider the series of spectra in Fig. 1, beginning with the solution containing 1:20 of 
benzene. This spectrum corresponds to the case ¢g—a, = 0, as discussed in reference 1. 
There it was shown that this spectrum is consistent with J,"* = J,"¥ = 7.3c/s and 
A = B = 3(Jo3+Jis), with the four transitions as in II. However, we now know that 
when yo(¢g—¢,4) is about 0.2 p.p.m. (Fig. 1.8), Jo#® = J35 = 8.7c/s and J,BF = Jy; 
= 5.8 c/s. It is apparent from the definitions of A and B that these values of Ji; and J35 
will also reproduce the ring proton spectrum. Substituting these values into [1] for 
on—o, = 0 we see that sin 26 and sin 2¢ are very nearly 1 and A and B are very nearly 
4(Jos3+Jis). The deviations will be undetectable experimentally. Since $(J23+J13) is 
large compared to }(J3;—Jis), the analysis yields virtually the same results whether we 
consider Ji; = J35 or Jis # J35. Physically it is clearly more reasonable to assume Jj; 
and J35 independent of og—c,.* 

From the definitions [1] and the transitions 18 to 30 it is also clear that the analysis 
will yield J3, and Ji5 individually (and not only their sum) when ¢g—¢, becomes large 
enough relative to $(J23+J13). This is illustrated by the series of spectra in Fig. 1. Figure 
1.6 corresponds roughly to the smallest value of ¢,—o, at which values of Ji5, J35, and 
Jo; can be extracted. The shift is approximately 8 c/s and shows that we must have 
dvo(op—Oa) +4(JS35—J 15) => 4(Jo3+Ji3) since J 23 = 8.5 c/s and J13 = 0.7 

It can be seen that in Fig. 1 the lines from the protons ortho to the CH; group, i.e., 
those at low field, are broader than those ortho to the fluorine atom because of a weak 
coupling to the CH; protons. The coupling J,°"*™ is not noticeable. When og—c, — 0, 
however, we again have the situation that the spectrum will only yield 3(J,@!#"+J,,©#3¥), 
Since J,°"3"* = 0 and J,°#s* is about 0.25c/s at most, the lines of the ring proton 
spectrum are quite narrow when og—c, = 0 (Fig. 1.2). 


*J\; and J35 need not always be independent of cg—ca. An example is formamide (6) where, at sufficiently 
high temperatures, rotation about the C—N bond results in zero relative shift for the N—H protons while, at the 
same time, the two coupling constants to the aldehyde proton are ‘‘mechanically’’ averaged from widely different 
values. These two coupling constants correspond to J\; and J3; in the present case. 

tWe can predict, therefore, that in order to obtain individual coupling constants in similar situations even 
when op—oa approaches zero, we must have the two protons only weakly coupled. A substituted fluorobenzene 
with two protons arranged para to one another and meta and ortho to the fluorine atom would be expected to 
behave in the required way. Such molecules are being investigated. 
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(c) The Methyl Spectrum 

The third illustration afforded by p-fluorotoluene of an apparent but unreal averaging 
of coupling constants occurs in the methyl spectrum (Fig. 2). The CH; spectrum at 1:20 
dilution in benzene is a doublet with a splitting of 0.9c/s due to coupling to the F¥ 
nucleus. This gives J,*’°#s = 0.9 c/s. The lines are narrow for the reason given in the 
preceding paragraph. 

As og—¢, becomes positive the doublet becomes asymmetrical and both lines broaden 
(e.g. in the pure liquid at 60 Mc/s). Finally the doublet is washed out in the 8:1 acetone 
solution because of coupling to the ortho protons of the ring. This behavior agrees with 
that of the ring proton spectrum. 

At high dilutions in benzene (1:35) there is a reversal in sign of the chemical shift, 
i.e. og —o,4 < 0. The protons ortho to the fluorine atom are becoming less shielded than 
the meta protons. 


CONCLUSIONS 


Jn? = 5.8c/s and J."* = 8.7 c/s in p-fluorotoluene. These values are independent 
of chemical shift in the ring, although at zero chemical shift the line separations yield 
only the sum of J,,"" and J,@¥. The latter still have the individual values given above. 
The same behavior is shown by the line splittings due to J,“%*" and J,,°"#3™ when the 
ring proton chemical shift changes. We conclude that a coupling constant can affect a 
spectrum significantly even though it is non-detectable, viz. Jm°®3™. 

The problem of solvent effects on internal chemical shifts of substituted benzenes has 
also been investigated and will be discussed in a forthcoming publication. 
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SOLUBILIZATION IN AQUEOUS BUTYRIC ACID SOLUTIONS* 


D. Movutet ANb G. C. BENSON 


INTRODUCTION 


Bury and co-workers (1-3) have interpreted the concentration dependence of a number 
of the physical properties of aqueous butyric acid solutions as indicating micelle forma- 
tion. Recent ultrasonic absorption measurements (4) have provided further evidence 
for the occurrence of some type of aggregation in this system. 

The presence of a significant number of fairly large aggregates should have a marked 
effect on the capacity of aqueous butyric acid solutions to dissolve certain types of 
water-insoluble organic molecules. The convenience of a colorimetric method of analysis 
led to the choice of the dye p-dimethylaminoazobenzene (DMAB) for the present 
solubilization study. The solubility of this material in water is less than 1 mg/liter (5). 


EXPERIMENTAL 


The DMAB (Eastman Organic Chemicals) was purified by recrystallization from 
ethanol. Purification of the butyric acid has been, described previously (4). 

Aqueous solutions of the acid were prepared with concentrations in the range 0-7 
molar. An excess of dye crystals was added to measured amounts of these solutions 
contained in long-necked glass vials. After the necks were sealed, the vials were mounted 
in a horizontal agitator and equilibrated in a thermostat for 4 or 5 days. At the end 
of this time the solid remaining was allowed to settle and a sample of the liquid was 
withdrawn through a sintered glass filter into a pipette heated to thermostat tempera- 
ture. After dilution with a known amount of acidified ethanol the concentration of the 
solution was determined absorptiometrically using an Evelyn photoelectric colorimeter 
(6). For most of the concentration range studied duplicate determinations of the con- 
centration agreed to better than 5%. Kolthoff and Stricks (5) have noted that the 
spectrum of DMAB in ethanol is altered by the presence of water. Errors due to this 
effect were negligible in the present work. 


RESULTS AND DISCUSSION 


The solubility of DMAB in butyric acid solutions at four temperatures (0°, 25°, 40°, 
and 60° C) is shown in Fig. 1. At low acid concentrations the dye is only slightly soluble 
but the amount solubilized increases noticeably at concentrations above 2 M. The 
solubility at 0° C reaches a maximum of 3.8 g/liter around 5.9 M (18 mole % acid) 
and then decreases. The curve at 25° C also shows a tendency to level off in the same 
region but this is followed by a further increase. At 40° and 60° C the solubilization 
rises to successively higher values as the butyric acid concentration is increased. 

Kolthoff and Stricks (5) have investigated the solubilization of DMAB by a number 
of soaps and other detergents. These authors defined the solubilizing power at any 
detergent concentration as the slope of the solubilization curve at that concentration. 
They found that it was possible to identify the critical micelle concentration (CMC) 


*Tssued as N.R.C. No. 5436. 
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Fic. 1. The solubilization of DMAB in aqueous butyric acid solutions. 


with the concentration where there was a rather sharp change in the solubilizing power 
of the detergent. Values of the CMC for butyric acid solutions obtained in this way 
are given in Table I along with the solubilizing power in the concentration range just 


TABLE I 


Data on the solubilization of DMAB in butyric acid solutions 








" Solubitizingp power (2-3.5 M) 











CMC (molecules 
Temp. - ; ———  ‘Gecr —_ acid/mole- 
(°C) Molarity Mole Qq acid) cule dye) 
0 1.85 a. 46 1.03 2100 
25 ee 3.59 1; 2000 
40 1.5s 3.20 1.9, 1200 
60 1.62 3.25 3.06 740 





above the CMC. 
15 wt.% (3.5 mole %) from freezing point data (1), 


The values of the CMC agree quite well with other estimates, i.e. 
12-15 wt.% (2.7-3.5 mole %) 


from density measurements (2), and 13 wt.% (3.0 mole %) from specific heat measure- 
ments (3). The solubilizing power of butyric acid for DMAB is of comparable magnitude 


to values for this dye in a variety of detergents (5). 


Figure 2 illustrates the similarity between the concentration dependence of the 
solubilization of DMAB (curve A) and that for the absorption of ultrasound of frequency 
3 mc/sec (curve C, data taken from ref. 4) in butyric acid solutions at 0° C. White, 
Moule, and Benson (4) in discussing the ultrasonic results noted that the concentration 
corresponding to the absorption peak (13 mole %) is the same as that of the upper con- 
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MOLE % BUTYRIC ACID 


Fic. 2. Comparison of solubilization results with ultrasonic absorption and mean micellar aggregation 
number. Curve A: solubilization of DMAB at 0° C stated as g dye/liter of solution. Curve B: mean 
micellar aggregation number X107! (data taken from ref. 8). Curve C: ultrasonic absorption at fre- 
quency of 3 mc/sec and 0° C stated in db/cm (data taken from ref. 4). 


solute point (7) for the butyric acid —- water system and suggested that clusters of acid 
molecules persist in these solutions at temperatures considerably above the critical 
region. Curve B in Fig. 2 is taken from the work of Davies and Griffiths (8). These 
authors applied Kreuzer’s analysis (9) to the freezing point data for butyric acid solutions 
and obtained an estimate of the average micellar aggregation number. At 0° C this 
changed from 33 at 5 mole % to about 76 at 17 mole % and then decreased slightly as 
the concentration was increased still further. 

White, Moule, and Benson (4) found that with increasing temperature the ultrasonic 
absorption peak at 13 mole % decreased and that a second maximum developed at 
about 50 mole %. The disappearance of the maximum in the solubilization curve at 
higher temperatures roughly parallels the ultrasonic behavior but the solubilization 
does not show any tendency to decrease as the temperature is raised. This is not surprising 
since the solubilization process must involve several factors. A change of temperature 
will not only alter the micellar characteristics of the solution but also the interaction 
between a solubilizate molecule and a micelle. The present investigation did not extend 
to high enough acid concentrations to make any comparison between solubilization and 
ultrasonic behavior in the region of the second absorption maximum. 

Finally it should be noted that the solubilizing powers given in Table I must not 
be taken to indicate a minimum micellar size of 2000 acid molecules required to solu- 
bilize 1 dye molecule at 25° C. The error of this interpretation has been pointed out by 
McBain and Hutchinson (10). From a purely geometric point of view an aggregate of 
70 or 80 molecules as estimated by Davies and Griffiths (8) should be able to solubilize 
at least 1 dye molecule. The larger mole ratios (acid/dye) observed experimentally 
suggest that there is a fairly broad distribution of aggregate sizes. 
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VAPOR PRESSURES OF AQUEOUS POTASSIUM OCTANOATE SOLUTIONS! 
D. Mou e,? P. WHITE,’ AND G. C. BENSON 


Recent calorimetric studies in these laboratories (1-3) have yielded thermodynamic 
data for aqueous potassium octanoate solutions. The present osmotic investigation was 
undertaken in order to provide independent and supplementary thermodynamic informa- 
tion about this system. 


EXPERIMENTAL 


Vapor pressure depressions of a series of potassium octanoate solutions were measured 
with a pair of thermistors in an apparatus similar to that described by several previous 
workers (4-6). The present form of this consisted of an all-glass cell into which was 
inserted a long glass tube with a pair of Veco (32A1, 2000 ohm) thermistors projecting 
from a rubber stopper at the lower end. The upper chamber of the cell was connected 
by a long neck to a Dewar vessel which served as the solvent well. The response time 
of the thermistors was reduced by carefully grinding and etching away the main part 
of the glass coating. The thermistors were placed in the adjacent arms of a Wheatstone 
bridge to which 0.2 v was applied from a lead storage battery and rheostat. A Leeds and 
Northrup d-c. amplifier coupled to a Speedomax recorder provided a continuous record 
of the changes in bridge balance. With this arrangement a resistance change of 0.1 ohm 
which corresponded to about 1X10-*° C could be detected easily. 

The vapor pressure apparatus and all the solutions were kept in an oil thermostat 
controlled to +0.01° C. During a measurement, the thermistor tips were washed with 
water, wiped dry, a drop of solution placed on one thermistor and a drop of water on 
the other. Measurements were attempted over the range 10° C to 50° C; however, the 
results much above or below room temperature were not reproducible, and the investi- 
gation had to be restricted to the interval 20° to 30° C. For measurements in this range 
steady resistance values were generally obtained within 30 minutes after the drops 
were placed on the thermistors. 

The apparatus was calibrated with NaCl. Values of the practical osmotic coefficient ¢ 
for aqueous solutions of this material were taken from the data compiled by Harned and 

1Tssued as N.R.C. No. 5407. 
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Owen (7). Plots of observed resistance change against ¢m were good straight lines over 
the concentration range 0 to 0.5 molal at both 20 and 30° C.. 

The preparation of the potassium octanoate has been described previously (1, 2). 
Vapor pressure lowerings were determined for solutions with concentrations 0 to 0.7 
molal. All solutions contained an excess of potassium hydroxide (0.042 molal) to suppress 


hydrolysis, and the osmotic coefficients measured were corrected for the presence of 
this alkali. 


RESULTS AND DISCUSSION 


The osmotic results at 20° and 30° C are shown in Fig. 1 as a plot of gm against m. The 
results at 30° have been displaced vertically 0.1 unit for clarity. Osmotic data for NaCl 
are shown as dashed lines. Within the experimental error the data for potassium octanoate 
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Fic. 1. Osmotic data for aqueous potassium octanoate solutions at 20° and 30° C. The results at 30° C 
have been increased 0.1 unit. 


it each temperature can be fitted by two straight lines as shown. Similar behavior has 
been observed for a number of detergent systems by Fineman and McBain (8) and by 
Huff, McBain, and Brady (9), who identified the intersection of the lines with the 
critical micelle concentration CMC. 

The lines in Fig. 1 were fitted with equations of the form 


[1] om = cm 
below CMC and 
[2] om = a+bm 





above the CMC. The values of the constants a, b, and ¢ are listed in Table I along with 


TABLE I 


Values of the constants a, 6, and ¢ in eqs. [1] and [2] 








CMC 





a 
2 <. (molality) b c (molality) 
20 0.282 0.325 0.973 0.43 
30 0.275 0.306 0.961 0.42 
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values of the CMC calculated from them. It should be noted that the representation 
of the data below the CMC by eq. [1] with c different from unity is an approximation 
which cannot hold strictly at low concentration. The values of the CMC given in Table I 
are somewhat higher than results at 25° C obtained from measurements of refractive 
index 0.39 (10), heat of dilution 0.38* (1), and conductivity 0.35 (3) but lower than 
the value 0.47 from density determinations (11). 

Mean molal activity coefficients y, were calculated from the osmotic data at 20° C 
and at 30° C. The relative partial molal enthalpy of the solute at 25° C was then estimated 
from the temperature variation of y,. The results are shown in curve A of Fig. 2, where 
the difference in partial molal enthalpy H.—H* is plotted against molality. The asterisk 
is used to indicate a reference concentration m* = 0.1. In view of the rather limited 
accuracy of the original osmotic results the enthalpy data derived in this way are only 
of a semiquantitative nature. Values of H:—H.* taken from calorimetric measurements 
(1) are also shown in Fig. 2 (curve B). Both curves show an increase in enthalpy when 
micellization occurs. Curve A gives a value of 0.8 kcal mole“ for the enthalpy of micel- 
lization AH, which is smaller by a factor of 2 than the value (1.7 kcal mole) estimated 
previously (1) from the calorimetric data. The abrupt step in curve A is due to the 


discontinuous change in slope at the CMC for the straight line approximations adopted 
in Fig. 1 
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Fic. 2. Plot of the partial molal enthalpy difference A. —H,* against molality for potassium octanoate 
solutions at 25° C. Reference concentration is m* = 0.1. Curve A estimated from osmotic data. Curve B 
calorimetric results from ref. 1. 

Fic. 3. Plot of partial molal entropy difference 5.—S5,* against molality for potassium octanoate solutions 
at 25° C. Reference concentration is m* = 0.1. 


‘This result refers to the point of inflection of a plot of partial molal enthalpy against molality. 
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Assuming the activity coefficients y, at 25° C to be the average of results at 20° C 
and 30° C, changes in partial molal entropy were calculated. from the expression 


[3] S.—S8,* = (A.—A,.*)/T—3.972 In (yam/ys*m*). 


The calorimetric results (1) were used for the enthalpy difference rather than the 
estimates of this quantity from osmotic data. The resulting curve is plotted in Fig. 3. 
The increase in entropy on micellization is about 5.5 cal mole~! deg and is of course 
equal to AHy,/T. Goddard, Hoeve, and Benson (1) have drawn attention to the impor- 
tance of changes in solvent structure in the process of micelle formation. The observed 
increase in entropy is explicable on this basis. 
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THE SYNTHESIS OF A LIGNIN MODEL SUBSTANCE: 
3-HYDROXY-1-(4-HYDROXY-3,5-DIMETHOX YPHENYL )-2-PROPANONE 


E. W. GoRECKI AND J. M. PEPPER 


A study of the ethanolysis (1) of 3-hydroxy-1-(4-hydroxy-3-methoxypheny])-2-pro- 
panone (I (R)) (6-oxyconiferyl alcohol) has provided considerable evidence for the 
presence in the lignin complex of the side chain —CH.—CO—CH,OH or its enolic 
form. Gardner has shown (1) that the four Hibbert monomers (II-V) are produced by 
the ethanolysis of I. 

R(R’)—CH:—CO—CH:0H 
I 


R(R‘)—CO—CH (OC:H;)—CHs; R(R’)—CH (OC:2H;)—-CO—CH; 
II IV 
R(R’)—CO—CO—CH; R(R’)—CH:—CO0O.—CH; 
Ill V 


(R = 4-hydroxy-3-methoxyphenyl, R’ = 4-hydroxy-3,5-dimethoxypheny]) 


They have been shown previously to be released by the ethanolysis of spruce wood and 
various isolated lignins (2). Hibbert has proposed a series of interconversions (3) relating 
the production of II-V from I. Such a scheme would account for the proved absence of 
primary alcoholic groups in these isolated propylphenyl lignin monomers as contrasted 
with the presence of such groups in lignin derivatives obtained by other degradation 
procedures such as hydrogenation (2) and as evidenced from general analytical data. It 
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also explains the fact that carbon—methyl groups are present in these ethanolysis pro- 
‘ ducts and in other isolated lignins (4, 5) but not in protolignin itself (4). 

From maple wood, by ethanolysis, the corresponding syringyl (R’ = 4-hydroxy-3,5- 
dimethoxyphenyl) analogues were isolated in addition to, and in greater yield than, the 
guaiacyl members, II-V (2). Although it is logical to assume that these monomers 
would be produced by the ethanolysis of the previously unreported 3-hydroxy-1-(4- 
hydroxy-3,5-dimethoxyphenyl)-2-propanone (VI), this assumption has yet to be 
proved. Of greater interest would be the comparison in yield of the rearrangement 
products obtained through ethanolysis of the two analogues. In the degradation of 
hardwood lignins, syringyl derivatives are obtained in greater abundance than are the 
corresponding guaiacyl members. A comparative study of the yield of the products 
obtained by the various established techniques of ethanolysis, oxidation, and hydro- 
genation as applied to I (R and R’) would assist in estimating the ratio of guaiacyl to 
syringyl nuclei in angiosperm protolignin. 

This note records the synthesis of 3-hydroxy-1-(4-hydroxy-3,5-dimethoxypheny])-2- 
propanone. The method is similar to that used to prepare the analogous 6-oxyconiferyl 
alcohol (6). Homosyringic acid, prepared by three different routes, was acetylated, then 
converted via the acid chloride, through the diazomethyl ketone, to the O-acetyl derivative 
of I (R’) which on hydrolysis gave I (R’). Several of the intermediate compounds are 
reported here for the first time. The yields of the syringyl derivatives are consistently 
lower than those of the corresponding guaiacyl compounds. 


EXPERIMENTAL 


All melting points are uncorrected. Infrared spectra were measured with a Perkin-— 
Elmer Model 21 spectrophotometer using sodium chloride optics. 


Syntheses of Homosyringic Acid 

Via Willgerodt Reaction (Kindler Modification) 

Homosyringic acid was obtained starting from acetosyringone (7) by the adoption 
of the method used by Schwenk and Papa (8) to synthesize p-hydroxyphenylacetic. The 
product, obtained in only 6.7% yield, was recrystallized from water (Norite) to give 
fluffy white crystals, m.p. 130—-131°; reported m.p. 132.5-134.5° (9). Previously a similar 
synthesis in these laboratories of homovanillic acid from acetovanillone had been achieved 
in a 43% yield. Arlt et al. (9) also reported the synthesis of homovanillic acid by this 
method. 

Via Syringal Rhodanine 

Syringal rhodanine.—To a mixture of syringaldehyde (41.0 g), rhodanine (29.9 g), and 
freshly fused sodium acetate (51.3 g) was added glacial acetic acid (365 ml) and the 
mixture refluxed for 40 minutes. The hot reaction mixture was decanted into vigorously 
stirred water (1030 ml), and after the mixture had been stirred for 3 hours, the product 
was collected, washed well with water, and dried under vacuum. The yield of crude 
syringal rhodanine was 59.4 g (89%), m.p. 242-246° (decomp.). Three recrystallizations 
from n-butanol (Norite) gave orange microcrystals, m.p. 258—258.5° (decomp.). Calc. for 
Ci2HyNO,S»: C, 48.5; H, 3.72; OCHs, 20.9%. Found: C, 48.5; H, 3.74; OCHs, 21.0%. 

a-Thioketo-B-(4-hydroxy-3,5-dimethoxyphenyl)-pyruvic acid—To syringal rhodanine 
(3.0 g) was added 15% sodium hydroxide (19 ml) and the mixture refluxed for 45 
minutes. The red solution was cooled to 0° and acidified rapidly using 10% hydrochloric 
acid. The yield of the crude precipitated thioketo acid was 2.4 g (92.7%), m.p. 123-125°. 
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Several reprecipitations of the product from saturated sodium bicarbonate solution 
yielded dense, orange-yellow crystals, m.p. 130-131°. Calc. for CuHwO;S: C, 51.5; 
OCHs, 24.2%. Found: C, 51.1; OCH3, 24.1%. 

a-Oximo-B-(4-hydroxy-3,5-dimethoxyphenyl)-pyruvic acid.—Hydroxylamine hydrochlor- 
ide (4.1 g) was dissolved in water (4.3 ml) and neutralized with a solution of sodium 
(1.75 g) in ethanol (45 ml). After filtration, the base was added to a-thioketo-6-(4- 
hydroxy-3,5-dimethoxyphenyl)-pyruvic acid (5.67 g) and the mixture refluxed on a 
steam bath for 60 minutes. Cooling to 0° gave fluffy white crystals, which were filtered, 
washed with ethanol, and dried. From the mother liquor was obtained a further 0.6 g, 
the combined yield being 4.2 g (75%), m.p. 219-220° (decomp.). Cale. for CiHisNOs¢: 
OCHs3, 24.3%. Found: OCH3, 24.2%. 

Acetylhomosyringonitrile.— a-Oximino-8-(4-hydroxy -3,5-dimethoxypheny] ) - pyruvic 
acid (8.7 g) was treated with acetic anhydride (32.8 ml), the mixture warmed gently until 
solution of the oximino acid and the evolution of carbon dioxide were complete and then 
refluxed for 2 hours. Removal of the excess acetic anhydride yielded the crude nitrile, 
m.p. 84-89°. Several recrystallizations from petroleum ether (80-100°) (Norite) gave 
white crystals, m.p. 96-96.5°. Calc. for CizHi3;3NO4: OCH, 26.4%. Found: OCHs, 25.8%. 

Homosyringic acid.—Potassium hydroxide (7.84 g) was dissolved in a mixture of water 
(46.8 ml) and ethanol (52.1 ml) and this solution added to acetylhomosyringonitrile 
(6.0 g). After it was refluxed for 13 hours the solution was concentrated, under reduced 
pressure, to remove the ethanol. After it had cooled, the reaction mixture was acidified 
with dilute hydrochloric acid (40 ml) and the precipitated acid collected at 0° and 
dried. The yield of crude acid was 4.4 g (81.5%), m.p. 100-104°. Four recrystallizations 
from water (Norite) gave white needles, m.p. 126—128°. 

Via Aslactone Synthesis 

Homosyringic acid was also prepared from syringaldehyde by means of the inter- 
mediate azlactone (9). Recrystallizations of this product from water (Norite) gave white 
crystals, m.p. 130.5-132°. 

Syntheses of 3-Hydroxy-1-(4-hydroxy-3,5-dimethoxy phenyl) -2-propanone 

Acetylhomosyringic Acid 

Homosyringic acid (1.17 g) was dissolved in 37% sodium hydroxide (2 ml) containing 
crushed ice (ca. 3 g). After the addition of acetic anhydride (0.75 ml) the cooled solution 
was shaken for 2-3 minutes. Acidification with 6 N hydrochloric acid (5.3 ml) produced 
an oil which crystallized slowly. The yield of crude acetylhomosyringic acid was 0.92 g 
(65.6%), m.p. 117-119.5°. Recrystallization from water (Norite) gave white flakes, m.p. 
120-121°. Calc. for Cy2H140¢6: C, 56.7; H, 5.55; OCH3, 24.4%. Found: C, 55.9; H, 5.68; 
OCHs3, 24.3%. 

Acetylhomosyringoyl Chloride 

To a solution of acetylhomosyringic acid (1.5 g) in dry benzene (3.0 ml) was added 
freshly purified thionyl chloride (1.35 ml). The resulting solution was refluxed, under 
nitrogen, for 1.5 hours. The excess thionyl chloride was removed by the successive 
addition and distillation of 5X2.0 ml of benzene. Removal of the excess benzene left 
the crude acyl chloride as a red, viscous oil weighing 1.63 g. 

cetylhomosyringoyl Diazomethane 

The above acetylhomosyringoyl chloride (1.63 g) was dissolved in dry benzene (4.3 ml) 
and the solution added dropwise to a vigorously stirred solution of diazomethane, at 0°, 
prepared by dissolving the diazomethane from 5.1 g of N-nitrosomethylurea in 60 ml of 
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diethyl ether. The solution was allowed to warm slowly to room temperature and react 
overnight. Removal of the solvents under reduced pressure (nitrogen) left.a viscous, red 
oil weighing 1.7 g. 

3-Hydroxy-1-(4-hydroxy-3,5-dimethoxyphenyl)-2-propanone 

Acetylhomosyringoyl diazomethane (1.7 g) was dissolved in chloroform (2.15 ml) and 
this solution added dropwise, with vigorous mechanical stirring, to water (45 ml) in a 
three-necked flask fitted with a stirrer and a condenser. The mixture was heated on a 
steam bath at 93° for 4 hours. Dilute hydrochloric acid (0.76 ml) was added to bring 
the solution to pH 1 and the heating and stirring continued for 1 hour. Decolorizing 
carbon (0.75 g) was added and the heating continued for a further 1 hour. The hot 
solution was filtered, the yellow filtrate cooled to 5°, and exhaustively extracted with 
6 X25-ml portions of ethyl acetate. These combined extracts were dried over anhydrous 
magnesium sulphate and the solvent removed under reduced pressure at room tem- 
perature to leave a viscous, pale red oil. Considerable difficulty was experienced in 
effecting crystallization, but after thorough drying by the addition :1.d evaporation of 
three successive portions of dry benzene followed by cooling in a dry ice — acetone 
bath, with scratching, the oil crystallized (0.46 g). Five recrystallizations from dry 
benzene gave cream-colored crystals, m.p. 106.5-107.5°. Calc. for CisHuOs5: C, 58.4; 
H, 6.23%. Found: C, 58.8; H, 6.46%. Infrared spectrum: 3455 cm~! (broad) and 3295 
cm! (broad) (hydroxyls); 1700 cm~! (carbonyl); 1611 cm~! and .1515 cm (aromatic 
ring). 


The authors are grateful to the Saskatchewan Research Council for continued financial 
assistance and to the Ontario Paper Company Limited for their donation of acetovanillone. 
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THE PREPARATION OF A*-BUTENOLIDE! 


R. J. D. SmitH? AND R. N. JoNEs 


The syntheses of 8-substituted derivatives of A*®-butenolide (I) have been described 
by Rubin, Paist, and Elderfield (1). These investigators prepared the 6-n-butyl, 
a 
nn 
= 
‘o’ No 
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B-n-phenyl, 8-cyclopentyl, and §8-cyclohexyl derivatives. These syntheses have sub- 
sequently been repeated in our laboratory and in addition the 8-n-hexyl compound was 
prepared by the same method. We were not successful in obtaining the 6-methyl com- 
pound; only tarry products were obtained from which no lactone could be isolated. 
Syntheses of the same type have been carried out in the steroid series by Ruzicka, 
Reichstein, and Fiirst (2). 

Unsubstituted A**-butenolide (I, R = H) has not previously been synthesized, and 
the object of this note is to describe its preparation by the procedure I-VII. Starting 
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Fic. 1. Ultraviolet absorption spectrum of A*-butenolide. 
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Fic. 2. Infrared absorption spectrum of A*8_butenolide. (3100 cm=! ethylenic C—H stretch; 2940, 
2880 cm-! methylene C—H stretch; 1775, 1745 cm split C=O stretching band; 1605 cm~ C=C stretch; 
1450 cm~! methylene C—H scissor vibration.) 


from ethyl bromide and propargy] alcohol, the lactone was obtained as a colorless liquid 
in 37% over-all yield based on the alcohol. The product had b.p. 86-87° (12 mm), 
n*° = 1.4670, and ultraviolet spectrum max 2200 A log €max 3-22 in m-heptane solution 
(Fig. 1). The infrared spectrum shown in Fig. 2 exhibits the solvent-sensitive splitting 
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of the C—O stretching band characteristic of the A*®-butenolide ring system (3); the 
principal group vibration frequencies are noted in the legend to Fig. 2. 


C;3H;MgBr + HC==C—CH:;0H 
J 
BrMgC==C—CH:OMgBr (I) 

1 CO: 

BrMgO.CO.C=C—CH:0MgBr (II) 
J H,0 

HOOC—C=C—CH.OH (IIT) 

| H:/Pd.BaSO, 


=C (IV) 
HOOC CH:0OH 


i 4 
I (R = H) 


EXPERIMENTAL 


Ethylmagnesium bromide was prepared from magnesium (24 g) and ethyl bromide 
(110 g) in anhydrous ether (250 ml). The ether was removed by distillation with simul- 
taneous addition of benzene (200 ml). The product was cooled with ice, and propargyl 
alcohol (28 g) added slowly with vigorous stirring. The mixture was next heated for 2 
hours on a steam bath with continuous stirring, during which time a pasty solid was 
deposited. This product was transferred to a 1-liter stainless steel bomb and sealed with 
solid carbon dioxide (250 g) for 24 hours. The pressure was released slowly, the product 
scraped from the bomb, and decomposed with 15% sulphuric acid (400 ml) at 0° C. This 
solution was next saturated with sodium chloride and extracted continuously with ether 
for 24 hours, after which the ether layer was separated and reextracted with aqueous 
sodium hydrogen carbonate solution. The aqueous phase after acidification with dilute 
hydrochloric acid was extracted continuously with ether for 24 hours. The ethereal 
solution of the acid was next dried with anhydrous magnesium sulphate and the ether 
removed in vacuo to yield 4-hydroxy-2-butynoic acid (III) (22 g) as a crystalline product. 

Compound III (10 g) was dissolved in methanol (50 ml), 5% Pd/BaSO, (1 g) added, 
and hydrogenated at room temperature and pressure until the theoretical amount of 
hydrogen for semihydrogenation had been absorbed (2.4 liters). The methanol was 
removed in vacuo and the residue distilled to yield A*®-butenolide (I, R = H) (5.8 g) 
as a colorless liquid, b.p. 86-87° (12 mm) n?° 1.4670. Found: C, 57.03%; H, '4.94%. 
Calc.: C, 57.14%; H, 4.80%. 


We wish to thank Mr. H. Seguin for the carbon and hydrogen analyses. 
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THE PROTON MAGNETIC RESONANCE SPECTRUM OF THIOPHENE* 
R. J. ABRAHAMT AND H. J. BERNSTEIN 


In this note, the complete analysis of the proton magnetic resonance spectrum of 
thiophene in solution is presented as a typical example of the analysis of an A2B2 
spectrum. 

The spectrum of liquid thiophene is too complex to analyze with certainty even at 
60 Mc/s. However, in acetone solution the chemical shift difference between the A 
and B protons increases, and the spectrum shown (Fig. 1) of a 1:1 solution of thiophene 
in acetone at 60 Mc/s can be analyzed quite easily following the standard A.B2 
analysis (1). 
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Fic. 1. The proton resonance spectrum of thiophene in a 1:1 mixture of thiophene in acetone at 60 Mc/s. 


The nomenclature which will be used is shown in Fig. 1. It is convenient to define 
the following constants: K = Jxa+Jz, L =J-—J'’, M =J,—Js, N = J+J’, and 
5 = og — G4. 

By analogy with other five-membered heterocyclic compounds such as furan and 
pyrrole (2) the spectrum would be expected to be of the type for which Jp > J, and 
J > J'. This is of use in assigning the lines in the spectrum. A further check on the 
assignments shown (Fig. 1) is given by comparing the values of the coupling constants 
obtained with the results of Gronowitz and Hoffman (3) for the coupling constants in 
substituted thiophenes (viz.: Jp = 3.8+0.3 c.p.s., Ja = 2.740.4 c.p.s., J = 5.440.6 
c.p.s., and J’ = 1.6+0.3 c.p.s.). 

From the assignment shown and following the analysis given in reference 1, 


N-E,—E; = 6.06 
{ (nH 5)? + N®)}* = E, +E; = 15.34. 


Hence 
nH = 14.1 
also 
[1] (M2+L?)? = { Ey—En = 3.98) _ 4.00 
| Eio— Exe = 4.01 ) be , 


*Issued as N.R.C. No. 5406. 
+National Research Council Postdoctorate Fellow, 1957-69. 
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and 
(2] {(nHod+M)2+L4}4 = EytEn = 14.38 
[3] { (nH) — M)?+L3}2 = Eyo+E.. = 15.63. 


The best fit of equations [1], [2], and [3] gives 
M = —0.67 and L = 3.93. 
The remaining constant A cannot be found explicitly from the spectrum. From the 
results of Gronowitz, we will take K = 6.0c.p.s. The energies and intensities for the 


spectrum can now be calculated directly. These are shown with the observed values, 
in Table I. The agreement between calculated and observed energies is excellent, but 


TABLE I 
Observed and calculated energies and intensities for thiophene 








Energy relative to center of band 








(c.p.s.) Relative intensity 
Transition Cale. Obs. Calc. Obs.* 
1 10.70 10.70 61 1.38 
2 10.60 10.70 1.99 
3 4.64 4.64 1.40 2.74 
+ 4.33 4.64 1.54 
5 14.02 0.23 
6 8.07 8.13 1.56 1.18 
7 7.27 7.50 1.72 1.19 
8 1.32 1.34 0.31 0.33 
9 8.99 9.18 .28 0.87 
10 9.61 9.82 45 0.73 
11 5.01 5.20 72 1.59 
12 5.63 5.81 55 1.35 





*Normalized to the same total as the calculated values. 


there is only fair agreement between the calculated and observed intensities. This is 
due to two factors. The values for the observed intensities shown in Table I are very 
approximate. The values shown are the individual peak heights as those are better 
defined than the integrated intensities for such an unresolved spectrum. However, 
these obviously only give approximate values for the intensities in such a spectrum. Also 
a different relaxation time may be associated with each peak in the spectrum. Thus, 
even when the individual lines are well resolved the observed intensities need not neces- 
sarily be the true intensities as relaxation phenomena may affect these values. 

The values of the coupling constants obtained from this analysis are, in c.p.s., J, = 2.7; 
Jy = 3.3;J = 5.0; J’ = 1.1. As in the furan ring (2), these values are in close agreement 
with those obtained for the substituted compounds. 

The A.Bz analysis provides a means of obtaining approximately the chemical shift 
difference between the A and B protons of thiophene in an unresolved thiophene spec- 
trum. For example, the spectrum of thiophene in cyclohexane solution at 40 Mc/s has 
been given by Gronowitz and Hoffman (3). Here the chemical shift difference between 
the A and B protons is so small that the two parts of the spectrum start to overlap. 
However, transitions 3 and 4 can still be assigned to the strong central line and 
transitions 1 and 2 to the weak outermost line. This gives 


N = E,—E; = 5.5c.p.s. 
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and 


{ (nH 5)?+ N2}4 = E,+E; = 7.4c.pss. 
i.e. nHod = 5.0 c.p.s. 


The value of N obtained is in good agreement with the value found above (6.0 c.p.s.), 
thus confirming the assignment. The above analysis, however, only gives the numerical 
value of 9/75 and does not say which of the protons in the thiophene ring give the low 
field signal. By analogy with the results for furan and pyrrole (2), it may be assumed 
that the A protons are to low field. This conclusion is supported by the results of Grono- 
witz and Hoffman, who find that the A proton signal in 3,4-dibromothiophene is to low 
field of the B proton signal in the analogous compound, 2,5-dibromothiophene. However, 
the difference between the A and B proton chemical shifts is much less in thiophene 
(5.0 c.p.s.) than in these dibromo compounds (19 c.p.s.). Gronowitz and Hoffman have 
taken the ring proton signals in these compounds as the reference chemical shifts in 
determining the influence of substituents on the ring proton chemical shifts. Thus, the 


values obtained need to be altered slightly, but this does not affect their general con- 
clusions. 


1. Pope, J. A., SCHNEIDER, W. G., and BERNSTEIN, H. J. Can. J. Chem. 35, 1060 (1957). 
2. ABRAHAM, R. J. and BERNSTEIN, H. J. Can. J. Chem. 37, 1056 (1959). 
3. GrRonowiTz, S. and HorrMan, R. A. Arkiv Kemi, 13, 279 (1958). 
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OOSPOREIN FROM AN ACREMONIUM SP.* 
P. V. DiveKar,f R. H. HAskKINs, AND L. C. VINING 


Stationary liquid cultures of a fungus isolated in this laboratory as an air contaminant 
excreted into the medium a purple pigment which could be extracted with ether and 
purified by crystallization from aqueous methanol. Analyses and molecular weight esti- 
mations on the pigment and derivatives best fitted a molecular formula Ci4H Ox. A 
tetraacetate and tetramethyl ether were prepared, and reductive acetylation gave a 
colorless dihydrooctaacetate with an ultraviolet absorption spectrum similar to that 
of dibenzoquinone leucoacetate (1). These properties suggested that the pigment might 
be oosporein, a substance of known chemical structure produced by Oospora colorans 
van Beyma (2) and by Chaetomium aureum Chivers (3). Direct comparisons with authentic 
samples confirmed the identification. Infrared, ultraviolet, and visible absorption maxima 
of oosporein and of the derivatives mentioned above are reported. 

The fungus (PRL 1699) belongs to the family Moniliaceae. As far as can be determined 
from available literature, it is a member of the genus .1cremonium and a complete study 
of its morphology and development will appear as part of a comparative study of the 
various species of Acremonium, a number of which are known to produce purple pig- 
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ments diffusible in the agar medium on which they are growing (4). Although oosporein 
has recently been reisolated from Chaetomium and other species (5), to the authors’ 
knowledge, its production by an .lcremonium has not previously been described. 


EXPERIMENTAL 


Production and Isolation 

A batch of twenty 1-liter conical flasks, each containing 350 ml of Czapek-Dox solution 
(glucose, 50 g; NaNOs, 2g; KH2PO,, 1 g; KCI, 0.5 g; MgSO,4.7H,O, 0.5 g; FeSO,4.7H20, 
0.01 g; and distilled water, 1 liter), were sterilized and inoculated with Acremonium sp. 
(PRL 1699). After incubation in the dark at 24°C for 15 days the wine-red culture 
fluid (6.4 liters) was filtered, acidified with concentrated hydrochloric acid, and extracted 
twice with 2-liter portions of ether. The ethereal extract was evaporated to dryness and 
the reddish-brown amorphous powder (3 g) crystallized three times from aqueous meth- 
anol as bronze plates (1.8 g), m.p. 290-295° C, undepressed on admixture with authentic 
samples of oosporein. Found: C, 55.0%; H, 3.2%; C-—CHs, 9.8%. Calculated for CigH10Os: 
C, 54.99%; H, 3.8%; 2C—CHs, 9.8%. Absorption maxima in ethanol 216 and 287 mu, 
inflexions at 372 and 415 muy, log ¢ 3.51, 4.67, 2.94, and 2.79, respectively. In aqueous 
solution the inflexion at 415 my is displaced bathochromically and appears as a maximum 
at 500 my (log ¢, 3.05). Other maxima appear at 244 and 291 mg, with an inflexion at 
374 mu; log ¢ 4.09, 4.47, and 3.35, respectively. The pigment has principal infrared 
maxima (KBr disk) at 3310 (s), 1648 (s), 1625 (s), 1387 (s), 1329 (s), 1297 (s), 1242 (s), 
1070 (s), 929 (m), 764 (m), 740 (w), 708 (w) cm~'. No differences were detected between 
the spectral properties of the pigment and those of authentic samples of oosporein. 


.1cetate 

The pigment (50 mg) boiled for 10 minutes with acetic anhydride (3 ml) gave a 
pale red solution which, when poured into ice water, deposited yellow crystals (55 mg). 
These were recrystallized from methanol as bright yellow needles (45 mg), m.p. 190° C, 
undepressed by an authentic sample of oosporein tetraacetate. Found: C, 55.7%; H, 
3.9%; CH;CO, 36.0%. The molecular weight determined by isothermal distillation in 
acetone (6) was 463, and by the Rast method in camphor, 428. Calculated for Co2H ;sO.»: 
C, 55.7%; H, 3.8%; 4CH;CO, 36.3%; mol. wt., 474. Ultraviolet absorption maximum 
in ethanol at 262 muy, inflexion at 330 my; log ¢ 4.41 and 3.05, respectively. Infrared 
absorption maxima (KBr disk) at 1791 (shoulder, s), 1778 (s), 1675 (s), 1640 (w), 1620 
(m) cm~'. These spectral properties were indistinguishable from those of authentic 
samples of oosporein tetraacetate. 


Leucoacetate 

The pigment (50 mg) was boiled with acetic anhydride (3 ml) and zine dust for 1 
hour. The colorless solution was filtered and poured into ice water giving an amorphous 
white precipitate (80 mg) which was crystallized twice from methanol to yield small 
colorless cubes (55 mg), m.p. 243°C. Found: C, 55.7%; H, 4.8%; CH;:CO, 54.6%. 
Calculated for C3oH30Qi6: C, 55.7%; H, 4.7%; 8CH;CO, 53.3%. Ultraviolet absorption 
maximum in ethanol at 270 mu, inflexion at 234 my; log ¢ 3.42 and 4.17, respectively. 


Methyl Ether 

Ethereal diazomethane (from 0.5 g of nitrosomethy! urea) was added to the pigment 
(50 mg) suspended in 2 ml of methanol. After half an hour at room temperature the 
solution was evaporated to dryness and the product in benzene (50 ml) passed through 
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a short column of neutral alumina. The eluate was evaporated to dryness and crystal- 
lized three times from aqueous methanol to give orange needles (20 mg), m.p. 123° C. 
Found: C, 60.0%; H, 5.3%; OCHs, 31.5%. Calculated for CisHisOs: C, 59.7%; H, 
5.0%; 40CH;, 34.2%. Ultraviolet absorption maxima in ethanol at 285.5 and 394 mu; 
log « 4.40 and 2.98, respectively. Infrared absorption maxima (KBr disk) at 1654 (s), 
1614 (w), 1588 (s). 


The authors are indebted to Mr. A. Funk for the isolation of PRL 1699 and also 
wish to thank Dr. W. B. Whalley, University of Liverpool, and Prof. F. Kégl, Organisch- 
chemisch Laboratorium der Rijksuniversiteit, Utrecht, f» generously supplying samples 
of oosporein and its acetate. Analyses were done by .ur. M. Mazurek and infrared 
spectra by Miss I. M. Gaffney of this laboratory. 
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SYNTHESIS OF POLYMETHYLENEBISISOTHIOCYANATES* 
G. D. THorN AND B. Huston 


Alkyl isothiocyanates are most conveniently prepared by reacting aqueous alkyl- 
dithiocarbamic acid salts with ethyl chloroformate to give carbethoxydithiocarbamates, 
which undergo fission to the isothiocyanate, carbon oxysulphide, and ethanol (1, 2): 


RNHCS.Na + CICO.C3H; — RNHCS,CO.,C2H; => RNCS a CC S a C.H;OH. 


The decomposition reaction can be effected by heating the isolated ester im vacuo (3) 
or with aqueous alkali (4, 5). The decomposition of carbethoxybutyldithiocarbamate 
was found also to proceed very quickly in chloroform solution containing anhydrous 
triethylamine (4). 

Ethylenebisisothiocyanate has been prepared by the thermal decomposition of the 
carbethoxy compound (6, 7). In order to obtain yields approaching those reported in 
the literature it was our experience that the carbethoxy derivative must be purified 
through several crystallizations before attempting the batchwise thermal cleavage. In 
this note, two procedures are reported upon for preparation of ethylene- and other 
polymethylene-bisisothiocyanates which obviate the necessity of purifying the car- 
bethoxy compound. 

In method A, the isolated but crude oily carbethoxydithiocarbamate is put through a 
falling-film molecular still in vacuo with the heating surface kept at a temperature a few 
degrees above the boiling point of the bisisothiocyanate, or at 100-105°, whichever is 
the higher. Decomposition of the carbethoxy compound and distillation of the resultant 

*Contribution No. 164, Pesticide Research Institute. 
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isothiocyanate are immediate. Thus, reaction of the formed isothiocyanate with impurities 
or by self-condensation at elevated temperatures as obtained in the ‘‘batch’’ method 
is avoided. 

In method B, the crude carbethoxy compound is added to cold 20% aqueous potassium 
hydroxide. After several minutes, the mixture is extracted with benzene and the organic 
layer dried with anhydrous sodium sulphate. The residue obtained by removal of the 
solvent (as in a rotary evaporator) is then subjected to distillation at reduced pressure. 

The procedure followed for the preparation of the carbethoxydithiocarbamates is 
typically that of several examples in the literature. Briefly, the diamine (1.0 mole), carbon 
disulphide (2.2 mole), and sodium hydroxide (2.0 mole) are reacted together at 35-45° 
for 3 hours in sufficient water to end up with an approximately 20% solution of the 
disodium polymethylenebisdithiocarbamate. The solution is then chilled and treated 
dropwise, with adequate stirring, with 2.0 mole of ethyl chloroformate. After a further 
reaction period of an hour, the carbethoxy derivative is isolated either by filtration or 
extraction with benzene. 


TABLE I 
Aliphatic bisisothiocyanates, SCN—X—NCS 


Anal. (N%) 











% tne a) ee 

xX B.p./mm np Log émax Method Yield Cale. Found 
Ethylene 71.5-72/0.3 1 6265/22 .8°* 3.30T A 77 19.45 19.25 
Propylene 77-9/0.1 1 .5750/23° 3.00 A 23 le i 6 17.73 
Tetramethylene 102-4/0.1 1 .5930/23° 3.32 B 50 16.30 16.05 
Pentamethylene 124-30/0.3 1. 5680/23 .5° - A 18 15.05 14.8 
Hexamethylene 119-22/0.1 1 .5630/26° 3.28 B 41 14.00 13.9 


*VYakubovitch and Klimova (6) give b.p. 144° at 10 mm and “ze 1.6271. 
tThe isothiocyanates possess a single absorption peak in the ultraviolet region, at 247 my. Solvent, ethyl ether. 


Table I gives the aliphatic bisisothiocyanates prepared by these methods. It might 
be noted that, except in the preparation of ethylenebisisothiocyanate, some diethyl! 
polymethylenebisurethane was always obtained, requiring fractional distillation of the 
isothiocyanate. The urethane arises from incomplete reaction of the diamine with carbon 
disulphide, and can be avoided either by extending the reaction time for the dithio- 
carbamate or by purification of the carbethoxy derivative. 


The authors wish to thank R. W. White for checking the purity of the isothiocyanates 
by infrared analysis, and Dorle Bongart for the microanalyses. 
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THE EFFECT OF HEAT TREATMENT ON THE ACTIVITY OF A SILVER CATALYST* 
E. Ecuicoya,f C. H. AMBERG, AND G. L. OsBERG 


In carrying out the oxidation of ethylene on silver catalysts it ic customary to stabilize 
the catalyst in the reacting gas mixture over periods up to several days. Among the few 
workers that have reported studies of catalytic activity during pretreatment, Orzechowski 
and MacCormack (1) have given a detailed account of the attendant slow changes. In 
an earlier paper Murray (2) examined the first few hours of reaction and found an increase 
in selectivity.f 

In the present study it has been attempted to demonstrate the similarity of activity 
changes during the first few hours of reaction with changes induced by short periods of 
preliminary heat treatment. It is important to note that the similar reaction patterns 
found both by Murray and in this laboratory differ from the common case in which 
all activity is diminished through destruction of the surface with heating. 

The reported experiments were made along with a more detailed examination of 
ethylene oxidation in fiuidized bed reactors (3). 


EXPERIMENTAL 


The method of catalyst preparation from Ag—Ca alloys has been discussed previously 
(4). The present batch contained 0.17% Ca and had been derived from a powdered alloy 
containing 8.05% Ca. 

The reactor was a fluidized bed consisting of a mixture of 5 cc (12.2 g) of the 100- to 
200-mesh catalyst powder and 20cc (31.8 ¢) of 100- to 200-mesh ‘“‘Scotchlite’’ glass 
beads contained in a 1-in. diameter, pyrex column. The glass beads served to inhibit 
agglomeration of the catalyst granules (5). An air flow of 3.41./minute was maintained 
throughout both the pretreatment and reaction periods, and an air-to-ethylene ratio 
of 40:1 with maximum fluctuations of +4% was used for the reaction. All reactions 
were carried out at 250+2° C and the products analyzed by gas chromatography (6). 
Pretreatment temperatures and periods are indicated in Fig. 2. Fresh portions of catalyst 
from the same batch were used for each pretreatment. 

A sample of 48- to 100-mesh catalyst (0.21% Ca) was used to follow changes in 
B.E.T. surface area with prolonged outgassing at 250°C. A conventional volumetric 
apparatus was employed for the purpose and argon at —195°C was used as the 
adsorbate. 


RESULTS AND DISCUSSION 


Figure 1 shows the initial selectivity and total conversion values at 250° C for the 
different portions of catalyst plotted against the temperature of pretreatment. Since 
the two curves qualitatively resembled those found for the reaction at, say, 250° C over 
a period of several hours, it was tempting to assume that the short heat treatments 
had produced very similar surfaces, but had done so far more rapidly. 

That this is so, at least in terms of catalytic activity, was demonstrated by following 
the selectivity and conversion changes with time of reaction at 250° C for each pre- 
treated batch. Figure 2 shows these changes superimposed on the two curves drawn for 

*Tssued as N.R.C. No. 5414. 


+ National Research Council Postdoctorate Fellow 1957-59. 
tEthylene oxide as per cent of converted ethylene. 
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Fic. 1. Silver-catalyzed oxidation of ethylene at 250° C. Initial total conversion (filled-in circles) and 
initial selectivity (open circles) for catalysts pretreated at different temperatures. 

Fic. 2. Silver-catalyzed oxidation of ethylene at 250° C. Changes in total conversion (open points) and 
selectivity (filled-in points) for catalysts pretreated at different temperatures. Periods of pretreatment 
given in parentheses. Zero reaction time indicated by arrows. Circles: Pretreatment at 250° for 10 minutes. 
Triangles: Pretreatment at 303° for 5 minutes. Squares: Pretreatment at 365° for 5 minutes. Dashed 
circles: Pretreatment at 420° for 5 minutes. 


the original catalyst that had never been heated beyond 250° C (solid lines, fitted to 
circles only). The time axes were shifted so that the initial selectivities would fall on 
the original selectivity curve (arrows). The grouping of the remaining selectivity and 
total conversion values near the respective 250° C curves indicates that the catalytic 
“histories” match that of the original catalyst. This, in turn, supports our original 
assumption, namely, that the heat treatments merely served to speed up surface changes 
also occurring during the course of the reaction at 250° C. 

Although the data do not warrant a unique mechanistic interpretation of these surface 
changes, a few additional observations will be found to narrow down the range of possible 
causes. 

(1) The small particle size required for fluidization ensured that leaching of the 
calcium had taken place throughout the bulk of the granule. Coupled with the fact 
that catalysts in the 0.1-0.2% range of calcium content show little variation in activity 
with change in calcium content (7), this means that diffusion of calcium from particle 
interior to active surface during the course of the reaction can be discounted as a possible 
explanation for the observed changes. 
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(2) The observed changes are almost entirely attributable to a decrease in CO, 
production with time, ethylene oxide remaining virtually constant. Any model that is 
ultimately adopted must incorporate a capacity for undergoing surface modifications 
resulting in selective changes of this type. For instance, if one were to adopt Twigg’s 
model (8) of two-point contact of C2H, molecules on a silver oxide surface to produce 
COs, this might mean that the number of two-point configurations in the surface has 
decreased with surface rearrangement, leaving unchanged the available single centers 
for ethylene oxide production. 

It is interesting to note that the rate of CO. production decreased linearly as the 
logarithm of reaction time. This function is formally the same as the Elovich equation, 
applicable in many cases to the increase with time of the amount of gas chemisorbed 
on a solid surface. Whether this is significant in terms of selective poisoning in our 
case cannot, of course, be decided on the basis of the available information. 

(3) When the temperatures and times of preliminary heat treatment (both shown 
in Fig. 2) were combined with their equivalent times at 250° (marked by arrows in 
Fig. 2) in three Arrhenius-type plots, the maximum spread in slopes was found to be 
only 10%. Although we do not wish to attach any significance to the absolute value 
obtained from two-point plots (17 kcal/mole), its relative lack of variation suggests 
that an essentially uniform change has taken place on the catalyst surface during heat 
treatment and reaction. This change may well have been complex in nature, involving 
such processes as recrystallization, diffusion, and chemisorption. 

(4) A sample of catalyst was outgassed for 100 hours at 250° C. During the first half 
of this period its B.E.T. surface area decreased from 0.54 m?/g by about 6% and during 
the second half by a further 1%. These data indicate maintenance of a stable skeletal 
structure of the silver catalyst at 250° C. It must be kept in mind that B.E.T. measure- 
ments may not be too sensitive to changes in the fine-structure of the surface. In the 
present case they serve merely to confirm that gross surface destruction did not take 
place at 250°. Smeltzer et a/. (9) found that their catalyst No. I retained about 80% 
of its original sorption capacity for oxygen after heating at 300° C for over 100 days, 
thus exhibiting properties similar to those shown by the catalyst in the present work, 
if one makes allowances for somewhat different conditions. Though chemisorbed oxygen 
takes part in the oxidation of ethylene, even this set of adsorption experiments was 
not strictly applicable to the oxidation reaction. The latter takes place on a surface 
at least partially covered with oxygen and in an environment of other gases. Neverthe- 
less, sorption experiments on out-gassed surfaces are useful, provided their limited 
applicability to systems under reaction conditions is clearly recognized. 
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CORRECTIONS 
Volume 35, 1957 


Pages 1117-1123. The authors of the paper Vapor absorption spectra and oscillator strengths of 
naphthalene, anthracene, and pyrene have submitted the following changes. 
On page 1120 Table I should read as follows: 


TABLE I 


Temperature, concentration, and oscillator saree 


Source of vapor ar 3 srature, Concentration, Onc ‘Mator Average 
pressure data °K moles/I. strength, f ¥ 








as Seconc ’ né ead ilene transition 


Bradley and Cleasby 298.7 4+.59X 1076 0.075 
302.2 6.36 0.080 0.076 
313.2 16.90 0.072 

Sears and Hopke 298.7 6.05106 0.056 
302.2 8.05 0.063 0.065 
313.2 16.14 0.076 

B. First anthracene transition 

Bradley and Cleasby 422.7 4.281075 0.029 
414.7 2.50 0.032 0.030 
409.7 1.76 0.033 
402.2 1.03 0.028 

Sears and Hopke 422.7 3.24X 1075 0.038 
414.7 1.93 0.041 0.039 
409.7 1.38 0.041 
402.2 0.82 0.035 

Nita, Seki, and Mornatau 422.7 2.23107 0.055 
414.7 1.34 0.060 0.054 
409.7 0.97 0.056 
402.2 0.59 0.050 
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TABLE I (concluded) 


Temperature, concentration, and oscillator soit 











Source of vapor Temmenntunt, ‘Oscillator 
r K 


a ae 
pressure data 


moles/1. 








¢C bison anthracene siecle 


Bradley and Cleasby 364.2 4.731077 1.31 
358.7 2.87 1.48 1.40 
Sears and Hopke 364.2 4.311077 1.42 
358.7 2.67 1.57 1.50 
Nita, Seki,and Mornatau 364.2 3.331077 1.95 
358.7 2.08 2.07 2.06 
D. Second pyrene transition 
Bradley and Cleasby 390.9 2.17X10-6 0.220 
384.7 1.39 0.200 0.204 
379.7 0.95 0.193 
E. Third pyrene transition 
Bradley and Cleasby 390.9 2.17X10-° 0.243 
384.7 1.39 0.253 0.234 
379.7 


0.95 0.205 


On page 1121 Table II should read as follows: 


TABLE Il 


aeperions of oscillator stengine 3 in vapor and solution 





strength, f 


2115 


Average 








Vapor 
Compound Range of “‘f’’ Average up? Solution “‘f”’ 
Naphthalene 2nd transition 0 .056-0 . 080 0.070 0.115 
Anthracene Ist transition 0 .028-0 .060 0.041 0.115 
2nd transition 1.31 -2.07 1.65 1.56 
Pyrene 2nd transition 0.193-0.270 0.204 0.300 
3rd_ transition 0. 205-0. 253 0.234 0.265 


(to cutoff) 


The correction factors for extinction coefficients in the figures should be: Fig. 1, 1.27; Fig. 2, 2.90; 
Fig. 3, 1.75; Fig. 4, 2.00; Fig. 5, 2.00. 


Page 1438. In the title and throughout the paper “A%-1,5,9-triazabicyclo(4.4.0)decene” 
read: ‘‘A®-hexahydropyrimido(1,2-a)pyrimidine”’ and ‘‘A%-1,4,9-triazabicyclo(5.3.0)decene”’ 
‘A hexahydroimidazo(1,2-a)-1,3-diazepine”’. 


should 
should read: 


Volume 36, 1958 


Page 656. On this page a footnote to Table I was omitted. The additional footnote should be 
“Values of Kp X10* in moles/1.~” 


Pages 1280-1283. 


Throughout this paper 
butene-3-yne’’. 


“*2-chloro-2-butene-3-yne” should read ‘‘2-chloro-1- 


Page 1561. Inline 3, the equation ‘(0.91)? = +/2.mz.sin a’’ should read: “0.91 = 4/2. m2.sin a’, 


Pages 1570-1578. The authors of the paper Theoretical aspects of the unimolecular decomposition of 
nitrous oxide have submitted the following: 

“In this paper there are certain numerical errors which, although not invalidating the main con- 
clusions, might prove confusing to anyone checking the calculations in detail. These errors stem from 
an incorrect value of \; (p. 1578), which should be equal to 589.4 X 10?°, 

The displacement ratios (pp. 1574 and 1578) should be: 

for, x:w:y =  1.00:0.685:0 

for v3; x:w:y = —0.462:1.00:0 
(those for v2 are given correctly). Table I (p. 1574) should be as — below. The product of the y's 
(eq. [6], p. 1574) should be 0.4693, and the calculated ki, with n = 2, should be 1.72 cc mole sec. 
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TABLE I 
t vi, sec! ai Mai 
1 3.864 X 108 1.236 xX 1073 0.8201 
2 6.709 X 108 0.8625 xX 10-3 0.5723 





On p. 1575 the value of 7.47 X 10-4 sec“ is actually the experimental value of k,, not of k*, which 
is 8.1310" sec". The value of x 1 should have been given as 3.182X107-' cc molecule™ sec. 

The calculated value of k1, 1.72 cc mole™ sec™ is still much lower than the experimental value 
of 14.0 cc mole“ sec™, so that no change is required in our conclusion that Slater’s theory needs 
modification to permit energy flow between the normal modes of vibration. 


Volume 37, 1959 


Pages 120-128. Throughout this paper ‘‘equivalence’’ should read ‘‘equi-valence’’ wherever it 
occurs. 


Pages 148-154. Throughout this paper ‘“‘equivalence’’ should read ‘‘equi-valence’’ wherever it 
occurs. 


Page 1151. In line 12, ‘intramolecular’ should read ‘‘intermolecular”’. 


Pages 1608-1613. On page 1608, line 5 of the first paragraph, ‘‘L. leptolepsis’’ should read ‘‘L. 
kaempferi’’. On page 1612, line 43, “linolenic (25.2%)” should read “phthalic and linolenic (25.2%)”’. 


Page 1840. In Table I, column 3, &;/ks for propane at 300 mm should be 0.80. 
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